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ABSTRACT

The presence of several metals and their compounds, In
microgram and nanogram quantities In airborne particulates, has
been reported.
carcinogenic.

Some of these metals are toxic and even
There Is an urgent need for rapid and reliable

field methods for the determination of these metals In the air.

The Ring Oven Methods
The ring oven technique is Ideally suited for field assays.
The equipment Is portable and power requirements are minimal.
requires essentially no sample preparation.

It

The analytical pro

cedures are simple, rapid, selective and reliable.

Determinations

can be performed by relatively unskilled technicians.
Methods have been developed for the determination of cadmium,
zinc and chromium In airborne particulates.

Cadmium is determined

with o,a'-ferrous dipyridyliodide reagent, which is quite specific
for cadmium.

The interferences are masked by the use of ammonia for

cobalt, nickel, and zinc and trlsodium phosphate for lead.

The ex

cess reagent and the soluble ions are washed off with a jet of dis
tilled water.

For zinc, advantage is taken of the fact that only Zn

and Sn(II) are extracted by dithlzone in carbon tetrachloride, in the
presence of S20 3

at pH of 5~6.

basis for its determination.

This specific extraction of Zn is the

Diphenylcarbazide reacts specifically with

Cr(VI) in strongly acidic solution to give a violet, water soluble
complex.

This reaction is used for the determination of chromium.

The diffusion of the soluble complex is prevented by the use of a
reagent crayon.

By combining the methods which have been reported

for copper, nickel, cobalt, beryllium and lead, a method has been
standardized for the determination of these eight metals on one ring.
Its applicability for airborne particulates has been demonstrated.
A comparative study with atomic absorption has been shown, with good
agreement on actual air samples.

Atomic Absorption Spectroscopic Methods
A rapid method for the determination of copper, nickel, cadmium,
cobalt, zinc and lead in the air by atomic absorption has been worked
out.

Airborne particulates are collected by a high volume sampler on

glass fiber filters.
ml beaker.

The filter is cut into pieces and placed in a 50

Two milliliters of 15# ammonium acetate and 10 ml of a

mixed ligand system (containing 8 -hydroxyquinoline, acetylacetone, and
dithlzone dissolved in ethylpropionate) are added.

The mixture is

allowed to equilibrate for fifteen minutes with frequent stirring.

The

layers are separated and the organic layer is aspirated into an airacetylene flame.

The concentration of each element in the sample is

then determined using hollow cathode lamps and measuring the absorbance
due to the respective metals.

Because an organic solvent is used, the

sensitivities are about U or 5 times better than when an aqueous
solution is used.

Actual air samples have been tested for zinc, copper,

and lead and compared with the currently accepted method of leaching
with nitric acid, filtering and aspirating into the flame.
agreements are good.

The

CHAPTER

INTRODUCTION

A.

AIR POLLUTION
Until the present century it had been possible for man to

dispose of unwanted by-products of his activities in the innediate
environment where they were digested almost incidentally, by
natural biological activity.

Today the areas where the by

products are not being satisfactorily digested are spreading,
the ecological balances are overturned and destruction is progres
sive and cumulative.

Air is only one part of this system which

includes the total physical environment to which man is exposed.
In proportion to the earth's size, this layer of air or the
atmosphere which surrounds our globe is no thicker than the skin
on an apple.
The atmosphere is a dynamic system.

It steadily absorbs a

range of solids, liquids, and gases from both natural and manmade sources.

These substances may travel through the air, dis

perse and react among themselves and with other substances both
physically and chemically.

Eventually, whether or not in their

original form, they may reach a sink such as the ocean or a re
ceptor, such as a man.
The composition of clean dry air is given in Table I (1).
Water vapor is generally present in air in concentrations of 1 to
34.

The air also contains aerosols, dispersed solid or liquid

particles.

Strictly speaking any substance added to or removed

from this composition of air can be called a pollutant.

But it is

<L

TABLE I
COMPOSITION OF CLEAN, DRY AIR NEAR SEA LEVEL
Component

Content
# by Volume

ppm

Nitrogen

78.09#

780,900

Oxygen

20 .9^

209 ,1+00

Argon

•93

9,300

Carbon dioxide

.0318

318

Neon

.0018

18

Helium

.00052

5.2

Krypton

.0001

1

Xenon

.000008

0.08

Nitrous oxide

.000025

0.25

Hydrogen

.00005

0.5

Methane

.00015

1.5

Nitrogen dioxide

.0000001

0.001

Ozone

.000002

0.02

Sulfur dioxide

.00000002

0.0002

Carbon monoxide

.00001

0.1

Ammonia

.000001

0.01

Note:

The concentrations of some of these gases nay differ

with time and place, and the data for some are open to question.

3

usual to consider as pollutants only those substances added In
sufficient concentration to produce a measurable effect on man or
other animals, vegetation, or material (2).
The pollutants have been broadly classified as:
a)

Primary pollutant or those emitted directly from

identifiable sources.
b)

Secondary pollutants or those produced in the air by

interaction among two or more primary pollutants or by re
action with normal atmospheric constituents, with or without
photoactivation.
In the United States, the five most common primary air
pollutants in tons emitted annually nationwide are carbon monoxide,
oxides of sulfur, hydrocarbons, oxides of nitrogen and particu
lates.

The values are listed in Table II (1).

Their major sources

are automobiles, industry, electric power plants, space heating
and refuse disposal.

These and other sources, in addition, emit

a range of other pollutants, peculiar to the types of activities
involved.
A host of secondary pollutants are generated in the atmos
phere, by its inherent chemical and physical instability.

The

primary pollutants undergo various physical and chemical trans
formations, by reacting among themselves or with the normal con
stituents of the atmosphere.

The rates, reaction routes, and

transition steps involved in these processes are influenced by
many factors such as relative concentrations of reactants, degree
of photoactivation, variable metereological dispersive forces,

TABLE II
NATIONAL AIR POLLUTANT EMISSIONS, MILLIONS OF TONS PER YEAR, I965

Totals

i of totals

Carbon
monoxide

Sulfur
oxides

Hydrocarbons

Nitrogen
oxides

Particles

Automobiles

86

604

66

1

12

6

1

Industry

23

Hi

2

9

k

2

6

Electric
power plants

20

1hi

1

12

1

3

5

Space Heating

8

6*

2

3

1

1

1

Refuse disposal

5

yf>

1

1

1

1

1

72 mil
lions

26 mil
lions

19 mil
lions

Totals

1U2 mil
lions

13 mil
lions

12 mil
lions

■p -

Influences of local topography, and relative amounts of moisture.
Though many of these processes are very complex and not well
understood, It Is certain that the reactions are governed by
sound scientific principles and the system as a whole will tend to
approach a state of minimal free energy.
The secondary pollutants, generally considered, include
sulfuric acid aerosols, produced by reaction of sulfur dioxide
with water droplets containing dissolved oxygen; nitric acid,
produced by a similar reaction with nitrogen dioxide; ozone by
photoactivation of molecular oxygen; formaldehyde, organic hydro
peroxides, peroxy acetyl nitrates (PAN), and other reactive com
pounds, as well as potentially damaging concentrations of short
lived free radicals.
To unravel so complex and temporally variable a system
will challenge air pollution research for a long time to come and
the precise prediction of the characteristics of the system an
hour in the future may never be more reliable than a probability
function.

On the other hand, it is clear that the simple process

of collecting and analysing stable chemical and physical entitles
as now practiced cannot provide sufficient knowledge of the
continually changing assemblage of transient species which are
prime factors in the effects produced by air pollution.

B.

AIR POLLUTION BY METALLIC PARTICUIATES
Particulates, both liquid and solid, are enormously complex

and are perhaps the most widespread of all substances that are
usually considered pollutants (1,3)*

The complexity of chemical

6

composition of airborne particulates is In part a consequence of
the efficacy of coagulation of small particles; In part a result
of chemical reactions between particles of one chemical species
and those of another species or gases and in part due to the
diversity of sources.
The particulates may be organic or inorganic in nature.

We

are mainly interested in the inorganic fraction of the airborne
particulates which consists of several metals and their compounds.
A sunmary of concentrations of the inorganic fraction is given in
Table III (1,3)*

Although, the metals are generally present as

particulates, some of them such as nickel and arsenic can also be
present in the gaseous form, nickel as its carbonyl and arsenic
as arsine gas.
1.

The Sources of Airborne Metals

The sources of metallic particulates in air are very diverse
and depend on the specific metal considered.

The most likely

sources of metals in air are emissions from metallurgical plants,
engine burning fuels containing additives like lead, nickel,
barium, manganese, and vanadium compounds and burning of coal and
oil which contain trace amounts of many metals.

Industrial pro

cesses such as smelterlng, refining, metal plating, welding, etc.,
emit considerable amounts of metallic particulates into the at
mosphere.

Incineration of metal-bearing materials is also a

source of metallic particulates in the air.
2.

The Sinks for Airborne Metals

Very little is known about the ultimate fate or lifetimes of

TABLE III
SUMMARY OF THE CONCENTRATIONS OF THE INORGANIC FRACTION
OF AIRBORNE PARTICUIATES
Inorganic
Fraction

No. of
Stations

Concentrations in pg/m3

Arithmetic
Average

Maximum

Nitrates

96

2.6

39-7

Suliates

96

10.6

101.2

Ammonia

56

1.3

75-5

Antimony

35

0.001

0.160

Arsenic

133

0.02

Beryllium

100

< 0.0005

0.010

Bismuth

35

< .0005

0.064

Cadmium

35

0.002

0.420

Chromium

103

0.015

0.330

Cobalt

35

<0.0005

0.060

Copper

103

0.09

10.00

Iron

104

1.58

22.00

Lead

104

0.79

8.60

Manganese

103

0.10

9.98

Molybdenum

35

0.005

0.78

Nickel

103

0.034

0.460

Tin

85

0.02

0.50

Titanium

104

0.04

1.10

Vanadium

99

0.050

2.200

Zinc

99

0.6 7

58.00

a

airborne metallic particulates.

It is assumed that the sinks for

these airborne metals must be the same as those of the other
atmospheric particulates consisting mainly of soot, flyash, and
dust.
Four mechanisms seem to be responsible for removal of par
ticles from the troposphere.

The first, gravitational settling,

is responsible for removal of large particles from the air.

The

second mechanism, impaction on obstacles, removes smaller parti
cles from the air.

Apparently, this effect is significant only

in the very lowest layers of the atmosphere, because turbulence
is sufficient to prevent sedimentation, even for particles as
large as 10 p, for as much as three days.
depends on formation of cloud droplets.

The third mechanism
A certain fraction of

the airborne particulates acts as cloud condensation muclei and
other aerosol particles may be collected by cloud droplets, by
coagulation or interception.

Finally, when cloud droplets grow

into raindrops, they can collect aerosol particles larger than
about 2 p, in diameter by interception during their fall from cloud
height.
3.

Effects of Pollution by Airborne Metals

Until now, the general practice has been to consider the
total particulate loading or the so-called "Soiling Index", to
evaluate the pollution problems by atmospheric particulates.

A

better understanding of the pollution problems can be had by
determining the different constituents of the total airborne
particulates and pin-pointing the constituents responsible for a

9

particular pollution problem.
better abatement programs.

This would also help us in planning

Indeed, particulates as a whole have

a variety of effects on the atmospheric environment.
(a)

They are:

Impairment of visibility as a result of absorption and

scattering of light.

In addition to aesthetic degradation

of the environment, reduced visibility has many consequences
for the safe operation of aircraft and motor vehicles (6,7,
8,9).
(b)

Reduction of solar radiation due to scattering by par

ticles.

It has been reported that cities receive 15 to 20$

less solar radiation than their rural surroundings (10,11).
The reduction in solar radiation has significance for the
photosynthesis of vegetation, the distribution of plants and
animals on the earth, weathering of materials and man's
physical well being.
(c)

Inadvertent weather modification.

Increased emissions of

particles into the atmosphere may cause changes in the deli
cate heat balance of the earth-atmospheric system, thus,
altering world-wide climatic conditions.

It can also affect

the weather by serving as condensation nuclei that influence
the formation of clouds, rain and snow (3 ,12,13).
(d)

Effects on materials.

Airborne particulates cause a

wide range of damage to materials.

Particulate matter may

chemically attack materials through its intrinsic corrosivlty
or through the corrosivlty of substances absorbed or adsorbed
in it (lU,15).

Particulate pollution damages electrical
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equipments of all kinds.

Metal corrosion Is accelerated by

particulates, sulfur dioxide, and hygroscopic substances In
air.
(e)

Effects on vegetation.

Though much work Is still needed

In this aspect of pollution to gain a complete under
standing, some specific examples given below serve to ex
plain its seriousness.

Cement-klln dust does considerable

damage to orange, fir, citrus, and other trees (3).

Fluorides,

soot, magnesium oxide, iron oxide, foundry dusts and sulfuric
acid aerosols have all been shown to be injurious to vegeta
tion (3).
The effects cited above are caused by particulates in general;
whether or not airborne metals play any significant role in these
effects is not well understood.

However, the evidences tend to

indicate that airborne metals play an important role.

For in

stance, it has been reported that the metals in air catalyse the
oxidation of sulfur dioxide to sulfur trioxide in the presence of
moisture, which produces sulfuric acid aerosol (16,17,18).
Sulfuric acid is a much more potent irritant than sulfur dioxide
and also the acid mist reduces the visibility.

Heavy metals in a

finely divided state are well known for adsorption of gases.
Their surfaces provide reaction sites for gaseous and gas-particle
reactions.

Many such reactions account for accelerated corrosion

of metals in polluted areas.

When these fine metallic particles

saturated with gases are inhaled, the concentration of the gases
taken in could be hundreds of times more concentrated than when the
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metals are not present.
The toxicity and carcinogenicity of many airborne metals are
well known.

It is unlikely that most organic molecules, ammonia,

nitrates, and sulfates inhaled from polluted air remain in the
lung for long or exert other than irritating action on mucosa and
alveoli.

They will be metabolised.

Metals or their compounds,

inhaled from air cannot be metabolised.

They are either deposited

in pulmonary tissue in insoluble forms or they are absorbed into the
pulmonary circulation to be stored in other tissues or excreted
in urine or bile (19,20,21).

Shroeder (20) reports that

chromium, manganese, iron, cobalt, copper, zinc, molybdenum and
selenium are essential to life or health of man.
metals are toxic in high enough doses.

But even these

Inhaled chromates have

resulted in lung cancer and selenium is known to have caused cancer
in the livers of experimental animals.

The metals known to have

definite toxicities are beryllium, antimony, bismuth, tin, cadmium,
lead and nickel.

Arsenic, cobalt, vanadium, mercury, silver, and

barium have been indicted to be toxic or carcinogenic.
Adding even more significance to the trace elements is a
knowledge that concentration, form, mode of introduction and the
presence or absence of co-pollutants may alter the significance of
a given metal.

Selenium (22), for example, causes "blind staggers"

and fatalities due to the so-called "alkali disease" when it is
ingested in relatively high concentrations by foraging animals.
Similar concentrations have been found to cause cancer of the liver
when fed to experimental animals.

On the other hand, the lack of
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dietary selenium may cause muscular dystrophy and "white muscle
disease".

Manganese, which is considered an essential element

when introduced by ingestion, is considered to be a causative
agent of Parkinson's disease when inhaled.

Iron is essential

in human nutrition, yet, it has become a suspected carcinogen
when introduced as iron dextran and similar preparations (23).
From the foregoing summary, it is clear that there is an
urgent need for sensitive, reliable analytical methods that are
applicable to the determination of airborne metals.

This study

was undertaken to develop rapid analytical methods, suitable for
field studies.

CHAPTER

CONVENTIONAL METHODS FOR SAMPLING AND ANALYSES
OF METALLIC PARTICULATES

A.

SAMPLING
Even the best analytical determination would be worthless

if the sampling were not representative.

This is particularly

significant in the case of air pollution studies.

The sample is

affected by various meteorological parameters such as wind velocity,
temperature, humidity, and other relevant variables such as mass
rates of emission of pollutants, distribution of sources, etc.

One

has to keep in mind the fluctuations of pollutants with time, i.e.,
diurnal, seasonal, annual and long-term trends.

Considerations must

be given to the influence of topographical and geographical factors
on the horizontal and vertical distribution of pollutants (2*0 .
Sampling sites must be carefully selected so as to be representative
of the area under study.

The duration of sampling is also important.

Correct sampling equipment and technique has to be employed, depending
on the particle size range of interest and the kind of pollution
problem one is studying.

If after collection, samples are transported

to the laboratory for analysis, they must be handled in such a way
that their composition when they reach the laboratory is the same
as when they were present in the atmosphere.

B.

METHODS OF SAMPLING PARTICULATES
A wide variety of instruments and procedures is available for

collecting samples of airborne particulates.

The instruments and

methods that are selected will depend on the quantities of pollutants
in the atmosphere and on their physical state and chemical properties.
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The following methods are generally employed for sampling air
borne particulates.
1.

Sedimentation (25.26)

This is one of the simplest techniques for the collection of
particulate matter, but it Is limited in general to particles
whose diameter exceeds about 10 microns. It is widely used in the
determination of particle fall-out or dust fall in the community
atmospheres.

The collectors are usually glass jars or metal or

plastic cylinders whose height is about 2-3 times their diameter.
After an exposure period, usually a month, the soluble and insoluble
material is determined.

The results are affected by the shape and

dimensions of the container and several aerodynamic factors.
Representative sampling is extremely difficult by this method and
the results obtained are not relevant to the elucidation of health
problems.
2.

Filtration (5.24.27)

Filtration methods and instruments are being utilized on an
increasing scale for the collection and evaluation of airborne
particulates.

Filters are widely used in the study of the mass

concentration number, optical properties, size distribution and
chemical composition of particles suspended in the air.

The choice

of filter media and sampling instruments is governed largely by the
types of test to be performed and the information that is sought.
The two types of filter samplers comnonly used are discussed below.
a)

The High-Volume Sampler.
For chemical analysis of suspended particulates, a hlgh-

volume sampler is comnonly used.

This device essentially con-
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sists of a motor and blower of a tank-type vacuum cleaner,
suitably enclosed and fitted with a holder for flat filter
paper.

The use of a blower necessitates a filter of a large

area and low air resistance, and also makes the sampling rate
very dependent on the mass of material collected.

Different

kinds of filter media are available such as cellulose (or
filter paper), glass fiber, flash-fired glass fiber, molecular
sieve membranes with controlled pore size made of cellulose
esters, polyvinyl chlorides, aerylonitrile/polyvinyl-chloride
copolymer reinforced with nylon, etc.

The choice of filter

media is governed by such factors as collection efficiency,
size range of particulates under consideration, and the in
formation sought.

For the analyses of metallic particulates

a high-volume sampler with glass fiber filters is found to be
most satisfactory.

One problem,though, is the high blank ob

tained for certain elements with glass fiber filters and the
inconsistency of the blanks with different batches of filters.
b)

The Tape Sampler.

A series of portions of filter paper, usually successive
areas of a paper tape, are positioned so as to be clamped be
tween an intake tube and a vacuum connection.

Air is drawn

through the filter for a selected time, usually one to four
hours, and a new portion of tape is then moved into position
and sampling is resumed.

This type of sampling is normally used

for optical evaluation of particulate pollution.

This gives a
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very crude estimate of particulate loading and Is susceptible
to a large number of errors.

However, West, et al., have used

these samplers for the analysis of airborne particulates using
the ring oven techniques (28-31)*

This will be discussed in

more detail in Chapter III.
3.

Impingement Methods (32)

There are two kinds of lmpingers available, wet and dry.

Wet

impingers collect particles by causing them to impinge on a surface
submerged in a liquid.

Dry impingers, usually referred to as im-

pactors, collect particles by impaction on a dry surface.

In both

types of apparatus, collection occurs as a result of inertial force
as particles tend to resist a change in direction when the air
stream is deflected by a surface or other obstacles.

The collection

efficiency by impingement or impaction is high for particles whose
diameter is 1 micron or greater.

For collection of submicron par

ticles, the impinger should be operated at high velocities.

Though

this method of collection is not used commonly, it holds a lot of
promise for identification and determination of structures of par
ticulates using both polarized light and electron microscopy.

It is

conceivable that sensitive and selective spot tests can be developed
for analysis with these samplers.

h . Electrostatic Precipitation
This is used more for abatement than for analysis of airborne
particulates.

The particulates in the airstream pass between

electrodes that are charged at a potential of 12,000-30,000 volts
DC, and become charged by collision with ions in the electric field.
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Under the influence of the electric field, the charged particles
are transported to a collecting electrode, where their charge is
neutralized.

Particles ranging in size from 0.2 microns to about 10

microns are collected with 100<£ efficiency with a reasonable
length of gas path.
5.

Centrifugal Methods

Most centrifugal sampling devices are constructed on the prin
ciple of the cyclone.

The dust-laden gas, moving at a high velocity

is directed tangentially into a cylindrical chamber, in which it
forms a confined vortex.

Centrifugal forces tend to drive the

suspended particles to the wall of the cyclone body, from which they
drop into a dust laden collection chamber.
for the cleaned gas.

An axial outlet is provided

Cyclonic collectors are not highly efficient

except for particles greater than 5 microns in diameter.

This is

widely used for separation of particulates into the various size
ranges.

C.

METHODS FOR DETERMINATION OF METALLIC PARTICULATES
1.

Gravimetric and Titrlmetrlc Methods

Gravimetry is used only for the determination of total particu
lates collected by any one of the sampling techniques discussed above.
Because even the total amount of Inorganic particulate materials
that can be collected is quite small, the amount of any given con
stituent is generally in the nanogram to microgram range.

At best,

only a few milligrams of any given pollutant are available and,
therefore, gravimetric procedures are seldom used for quantitative
analyses.

Likewise, titrlmetry is finding less application, although
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coulometric titrations have sufficient sensitivity and accuracy to
make them attractive for certain specific application.
2.

Colorimetric and Spectrophotometric Methods

During the past two decades the number of specific, selective,
and sensitive reagents for the determination of metallic cations,
has increased rapidly.

New reagents are available for colorimetric

and spectrophotometric, fluorimetric and nephelometric determina
tions that are so sensitive and reliable that they are ideally
suited for the determination of metallic particulates (31,33).
Sensitivities are sufficient even for the study of such small
amounts of materials as are usually collected in air pollution
studies.

Often the selectivity of the reagents provides proce

dures that are simple and reliable.

Where specific reagents cannot

be found, it is often possible to use selective reagents and apply
them in specific reactions through proper conditioning of the
system by the use of masking agents or through other conditioning
techniques.
One of the most important determinations in the study of in
organic particulates is that of lead.

Although lead has been de

termined by many different methods, the most widely used approach is
the spectrophotometric determination employing dlphenylthiocarbazone (dithlzone).

The reagent is very sensitive and when properly

used is capable of giving excellent results (33,34,35).

In addition

to the determination of lead, metals such as mercury, silver, bismuth,
antimony, cadmium, and zinc can be determined using dithlzone.
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Hundreds of spectrophotometric methods for the determination of
metals have been reported, and for details the reader is referred
to Reference 33.
Although spectrophotometric methods are used very widely, they
have some limitations.

Colorimetric procedures often require

detailed pretreatments of the sample, such as dissolution, separation,
oxidation-reduction, adjustment of pH, solvent extraction and color
development.

Very often it is difficult to find selective and

specific reagents.
3.

Emission Spectroeraphlc Methods

Emission spectrography is based on the excitation of the sample
elements by some means and measurement of the Intensity of the re
sulting emission spectra.

Usually an AC arc or spark, or a DC arc

is used for excitation, and the intensities of the spectra are
measured by a photomultiplier tube or by the intensities of lines
produced on a photographic plate.

Other methods of excitation, such

as lasers and plasma jets are attracting interest and may find special
application for air pollution studies (36,37).
Generally, a high volume sampler, with an ashless filter is
used to collect the particulate sample.

The Inorganics are either

leached with nitric acid and dried or are ashed at high temperature.
They are then mixed with a suitable matrix such as graphite together
with Indium or some other suitable internal standard and excited by
any one of the methods mentioned above.

Both photographic plates

and photomultiplier tubes are being used for measuring the intensi
ty of the emission spectra.

Comparing the spectral intensity of
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samples with that of the standards, the concentrations of the metals
can be estimated.

The method Is sensitive to the microgram to nano

gram range for most metals, quantitatively free from interferences,
rapid (once set up and applied routinely) and widely applicable.
Many important applications of emission spectrography are made
in air pollution studies.

The National Air Sampling Network applies

emission spectrography methods for the routine analysis of samples
collected all over the United States.

Cholak, Schafer, and Hoffer

(38,39) have used spectrographic methods for broad studies of both
airborne and settled dusts.

Clayton (40) has investigated spectro-

graphically the material trapped by accordion-plated filters and
obtained data on 24 elements.

Though basically the same, several

minor modifications and special procedures have been reported for the
application of emission spectrography to particulate trace analysis
(41,42,43,44).
Although emission spectroscopic methods have been used widely
for analysis of airborne particulates, they are obviously not suit
able for field studies.

Quantitative analysis may be subject to some

error due to matrix effects.

The equipment is relatively expensive

and great skill and experience are required of the spectroscoplst.
4.

Flame Photometric Methods

This method is essentially based on the same principle as emission
spectrography.

In place of an arc or spark, an oxy-acetylene flame

or some auch other flame is used for excitation.

Since the flame

has a relatively low energy, only easily excitable elements such
as sodium, potassium, calcium, magnesium, strontium, and barium

21

can be determined by this method.

Where applicable, flame photometry

Is sensitive and quite reliable, particularly when applied to air
pollution problems where matrix effects are usually not serious.
It is relatively inexpensive, rapid, and simple to apply.
Flame photometry may find wider application in the coming
years for air pollution work, as improved instrumentation and
hotter flames for excitation become available.

Details of some

improvements can be found in References 45 and 46.
5.

X-Ray Emission Spectrographic Method

In this method the sample is bombarded with a beam of primary
X-rays of greater energy than the characteristic X-radiation which
it is desired to excite in the sample.

The intensity of the charac

teristic X-ray emitted by an element in the sample is a measure of
its concentration.

The X-radiation is measured using a photographic

plate or devices such as Geiger, proportional, or scintillation
counters.

Different counters are employed for different wavelength

portions of the X-ray spectrum.
Leroux and Mahmud (47,48,49) have developed X-ray emission methods
applicable to analysis of metals in airborne particulates.

The same

authors have shown, that because of the presence of many heavy metals
like barium, strontium, rubidium, zinc, nickel, iron, calcium, etc.,
in glass fiber filters, these filters are suitable only for the deter
mination of lead and not for other metals (49).

An organic membrane

filter has been successfully used for multielemental analysis by
X-ray emission spectroscopy.

It is claimed that the sensitivity of

the technique reaches a value close to 0.05 microgram per cubic meter,
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while the time required for analysis is about five minutes per element
after receipt of the sample.
X-ray methods, although quite sensitive, rapid and versatile,
are not suited for field studies.

The equipment is expensive and

requires skilled and experienced operators.

6 . Polarographic Methods
The method is based on the application of a known voltage from
an outside source across a sample cell consisting of a small polarizable electrode (generally a dropping mercury electrode) and a
large nonpolarizable electrode (generally a saturated calomel
electrode).

The dropping mercury electrode is the indicator elec

trode, serving to measure the concentration of the electroactive
materials in the sample solution in which it is immersed, and the
saturated calomel electrode is the reference electrode.

When the

voltage applied to the dropping mercury electrode exceeds the re
duction potential of a cation, the cation is discharged on the
dropping mercury electrode (d.m.e.) and since the solution is quies
cent, the discharge is controlled by the concentration of the cation
in the solution.

Thus, the diffusion current is directly proportional

to the concentration of the cation in the solution.

When the

diffusion current is plotted against the applied e.m.f., a polarogram
is obtained.

The decomposition or preferably the half-wave potential

serves to identify the cation and the height of the diffusion current
gives the concentration of each species.

A relatively high concen

tration of a supporting electrolyte is necessary in the sample
solution for suppressing the migration and kinetic currents.

The
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selection of different supporting electrolytes also provides a de
gree of flexibility for polarographic analyses because different
supporting electrolytes give rise to different half-wave potentials
for respective electroactive species.

Sodium fluoride make a good

supporting electrolyte for air pollution investigations because the
half-wave potentials of such important metals as copper, lead, cad
mium, nickel, cobalt, and manganese are nicely separated, with the
exception that nickel and zinc have essentially the same half-wave
potentials (50).
Many automatic recording polarographs are commercially available.
Polarography is sufficiently sensitive for air pollution studies.
Except for detailed sample preparation, the method is quite simple
and rapid.

Nevertheless, polarography is used very little in air

pollution studies.
Duboris and Monkman (51) have used polarography to simultaneously
determine copper, lead, cadmium, nickel, cobalt, chromium, zinc and
manganese.

Schneider and Breidenbach (52) have evaluated the use of

polarography for the determination of lead in air.

D.

CONCLUSION
Excepting atomic absorption spectrometry (which will be con

sidered in Chapter IV), all the common analytical techniques that are
used in air pollution studies have been reviewed.

It is obvious

that none of these is suitable for field studies, although field study
is very Important for an air pollution survey.

West, et al. (28-51),

Indicated the usefulness of ring oven methods for field studies.

This

study was undertaken with a view to develop some ring oven methods
suitable for the determination of metals In airborne particulates
and extend the use of atomic absorption spectroscopy to more general
studies of pollutant metals and metal salts.

CHAPTER
PART

THE RING OVEN TECHNIQUE

A.

INTRODUCTION
The ring oven technique was introduced in 1954 by Weisz (53).

The ring oven is a simple, inexpensive apparatus which permits the
separation, concentration, and analysis of inorganic and organic
substances at microgram and nanogram levels.

Ring oven methods offer

great promise for the study of airborne particulates because of their
reliability, sensitivity, and convenience (28,29,30,31).

Results can

be obtained in which the relative errors are no more than 5- 10%
which, at the microgram level, compares very favorably with other
applicable methods such as emission spectroscopy, polarography,
spectrophotometry, and neutron activation analysis.

The necessary

equipment can be obtained for approximately $200-$250, no special
training is required for performing the analysis, and the methods
are ideally suited for field studies.
By means of the ring oven technique, a complete scheme of se
paration and identification can be carried out on a single drop of
unknown, through application of classical chemical methods of pre
cipitation and filtration (54).

West, et al. (55)» have developed

a separation scheme for 35 metal ions, based on solvent extraction and
the ring oven technique.

Recent developments of ring oven methods

have extended the applications to quantitative analysis, air pollution
studies, electrographic studies and to the analysis of radioactive
substances.

These applications have been summarized in the monograph

by Weisz (56) dealing with the ring oven technique.
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B.

EQUIPMENT
The equipment needed for ring oven studies are a ring oven, an

electric hair dryer or oven suitable for drying filter papers,
several micropipets and capillary pipets.

The ring oven consists of

a heated ring, ordinarily 22 or 33 111,1• in inner diameter, which
serves as a means of fixing solute materials in a sharply defined
circle.

Although a suitable ring oven can be readily constructed

in any good laboratory workshop, commercial instruments are readily
available.

One of the commercially available ring ovens is shown

in Figure 1.

The heating areas of the ring oven are generally made

of aluminum but various other materials such as copper, steel and
glass can also be used.

C.

TECHNIQUE
Ring oven methods are a special refinement of spot test proce

dures that are carried out on filter paper.

The detection and deter

mination of the constituents of Inorganic air pollutants is accom
plished through the use of extremely sensitive organic reagents that
are either specific or selective or which can be made highly specific
or selective through the proper use of masking agents or through other
"conditioning" processes.

The critical Innovation Introduced by the

ring oven technique is the separation, transfer, and concentration of
test materials which the method makes possible.

The operation slaqply

consists of placing a piece of filter paper on the heated surface
of the ring oven and introducing the sample material at the exact
center of the paper.

The sample is then washed through the pores
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Fig. 1.
Step 1
Sample
Filter—
paper

Ring Oven.
Step 2
Transfer a
Concentration

Step 3
Tests

9

Ring Oven --Ring Zone —
(hot)
Solvent Evaporates
Sample Solution / & Salts Deposit
Wash Solutions (5-10 Successive
Micro-Drops)
Fig. 2.

Steps of Ring Oven Analysis.

of the paper by the addition of 5-10 mlcrodrops of an appropriate
solvent.

The sample solutes are thus transported or washed to the

area of the heated ring surface.

As the solution approaches the

heated ring zone, the carrier solvent is evaporated, thus depositing
the solute (sample) as a sharply defined ring.

The filter paper

with the ring of the deposited salts is finally removed from the
surface of the ring oven and appropriate tests are then run on sec
tors of the sample ring.

The filter paper is ordinarily cut into as

many segments as there are tests or determinations to be run.

It

should be recognized that a metal can be as readily detected and/or
determined on a small sector of the ring as it can on half or even
the whole ring.

The analyses are completed by adding appropriate

reagents to the respective sectors to develop the definitive test
colors.

The essential steps of a ring oven analysis are depicted

in Figure 2.
In an alternate procedure a microliter drop of the reagent is
added to the center of the filter paper followed by a microliter
drop of a solution containing the substance to be determined.

The

colored reaction product formed at the center can then be selectively
washed to the ring zone by the use of a suitable solvent, thus in
tensifying (concentrating) the test color and isolating it from
possible interferences.
For quantitative studies, the sample solution should, of course,
be made up to a known volume and a suitable aliquot used for the
determinations.

The final operation would be to match the individual

sectors against standard rings obtained on known amounts of the
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species in question, carrying out all the analytical operations un
der similar fixed conditions.

Once the ring or the ring-sector has

been processed to develop the test color, the quantity of material
present is determined by matching the sample ring against a series
of standard rings produced under similar conditions by visual
matching.

Ottendorfer (57,58) has found that the visual matching

of the ring is equal to, if not superior to, the results obtained
with instrumental measurements of ring densities.

With ordinary

care, most determinations can be carried out with sufficient accuracy
by the above procedure.

If more precise analyses are required, the

statistical approach of Knoedel and Weisz (59) should be used.

This

approach requires the preparation of three rings having three
different aliquots of the unknown solution.

These are then matched

against standard rings and the weighted average is used to determine
the amount of unknown present.

Accuracies of from 90 to 957* can be

obtained at the microgram range with this approach.
D.

REAGENTS
Most of the reagents used are organic reagents which provide

great sensitivity.

The reagents form Intensely colored insoluble re

action products with the individual sample entities.

The precipitate

or reaction product is produced and remains as a permanent record.
Usually the reagents are kept in solution form and are applied to the
test sectors simply by adding a drop of the reagent or by spraying
the sector with the reagent solution.

If the reagent is sprayed or

the filter paper is dipped into the reagent solution, it may be
necessary to wash out the excess reagent, especially when the reagent
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itself is colored.

In such cases, the reaction product should be

Insoluble in the wash solution.

A recent innovation has been the

development of reagent crayons (60,61,62),

Many reagents can be

put into solid solution by dissolving them in an appropriate melted
matrix which can then be poured into a soda fountain straw and
allowed to solidify.

For use, the crayons are exposed by peeling off

an appropriate length of the protective straw, after which the crayon
is rubbed across the surface to be tested.

Gentle heat is usually

required to melt the crayon and provide intimate mixing of the
reagent with the sample.

E.

AIR POLLUTION STUDIES WITH RING OVEN
Because the ring oven methods have such high sensitivity, and

need only microgram quantities of sample, they are ideally suited
for air pollution studies.

Sufficient sample can be obtained by

means of automatic tape samplers.

Usually, a sampling period of an

hour or two will suffice for most of the analyses.

In many cases,

various acid-soluble materials can be studied on a section of the
tape used for sampling.

A convenient approach for routine studies is

to obtain a sample spot having a diameter less than that of the de
sired ring.

The section of the tape containing the sample spot is

centered on the preheated ring oven.

The spot is then washed with about

15 M-l portions of a suitable solvent, and the ring developed by appli
cation of the appropriate reagent to the ring zone.

Sampling can also

be accomplished by electrostatic precipitation, the use of men&rane
filters, or by means of high volume samplers.

In such cases, either

a small disc is punched out of the filter and fixed to the center
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of a filter paper placed on the ring oven and washed to the ring
zone by a suitable solvent or the whole sample is dissolved in

6N HC1 or HNO3 or some other suitable solvent, and the solution
is then analysed using the ring oven method.
Only quantitative or high quality qualitative filter paper
should be used for ring oven studies.

All papers studied were

found to contain traces of selenium (63).

Except for studies of

selenium itself, selenium impurities in the paper are not signifi
cant.

Iron impurities, on the other hand, are more troublesome,

and papers with low iron content should be used as much as possible.
For those cases where contaminated paper must be avoided, the paper
can be pretreated to remove the unwanted impurities (64).

West,

et al, (6^), have developed a novel method of masking the iron
impurities by precipitating iron as the basic acetate, in the center
of the filter paper.
During the past few years, the ring oven methods have been used
to study and control pollution.

Since the equipment is portable and

requires very small quantities of sample, and the analytical
procedures are versatile and sensitive, the ring oven methods are
ideally suited for field studies.

Methods for the determination of

antimony (66), copper (60), beryllium (62,67), zinc (61), selenium
(63), cadmium (69), lead (65,71), vanadium (72,73), sulfur (74),
phosphate (68), and caffeine (70) for application in air pollution
studies have been worked out by West and co-workers.

Huygen (75)

has described a method for the determination of sulfate and sulfur
dioxide in the air.
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From the foregoing discussion of the ring oven technique, it is
clear that this technique has a great potential for the determination
of pollutants in the air.

Though there are other methods of analysis

with comparable or better accuracy and precision than the ring oven
method in an established laboratory, there is a scarcity of methods
applicable to field studies or "on the spot" analyses.
respect, the ring oven methods stand out uniquely.

In this

CHAPTER
PART

MICRODETERMINATION OF CADMIUM AIRBORNE PARTICUIATES
BY MEANS OF THE RING OVEN TECHNIQUE

A.

INTRODUCTION
Cadmium and its compounds are toxic to humans and animals

(77,78).

When inhaled, it can produce pulmonary emphysema and

bronchitis (79,80), kidney damage resulting in proteinuria (80,81,
82), and gastric and intestinal disorders (83,8U).

Cadmium in the

atmosphere has been related statistically to the diseases of the
heart (79), and effects on liver and brain have also been observed.
Animal experiments indicate that cadmium may be carcinogenic (79,81).
The current methods used for the determination of cadmium in air
pollution investigations are emission spectroscopy (84,85), atomic
absorption spectrometry (85), polarography (86,87), and colorimetry
(88).

None of these methods is suited for field applications be

cause of the detailed sample preparation involved and the equipment
required.

A ring oven method has been developed for the rapid esti

mation of cadmium in air pollution investigations which is very se
lective and is ideally suited for field applications.

The sensitivity

and reliability are comparable to those obtained by emission spectro
scopy or atomic absorption spectrometry.
Stephen (89) reported the estimation of cadmium by swans of the
ring oven in which he precipitated cadmium as the sulfide after
necessary prior separation.
method lacks sensitivity.

The separations are cumbersome and the

Welsz and co-workers (90) have used the

universal standard scale where, after necessary separations, cadsdus
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is precipitated as sulfide and subsequently converted to an equiva
lent amount of silver sulfide by immersion in a bath of silver ni
trate.

The intensity of silver sulfide is compared with silver

sulfide standards.

Because silver sulfide is darker than cadmium

sulfide and easier to compare, the sensitivity is enhanced.

Janjic

(91) has reported the use of cupric ferrocyanide universal standards
for estimation of cadmium by the ring oven, but the procedures lack
simplicity.

We have developed a new method for the estimation of

cadmium by the ring oven, with ferrousdlpyridyl iodide as the
reagent.
Felgl was the first to report the use of ferrousdlpyridyl iodide
as a spot test reagent for the detection of cadmium (92 ,93)•

The

organic base «,«'-dipyridyl (a, a' -dip) produces an intense red in
acidic or neutral solutions of ferrous salts* The color is due to
the formation of the stable cation, [Fe(o,a' -dip)3 ]+ 2 .

This complex can combine with anions that have a large ionic volume,
forming slightly soluble, red crystalline compounds.

The preci

pitation occurs, in part, from even a very dilute solution.

Accord

ingly, the complex serves as a general precipitant for anions, such
as [Hgl4 ]"2 , [Cdl4]“2 and [Ni(CN)4 f 2 .

The formation of red [Fe(cr,er' -dip) 3 ]•[Cdl4 ] can be used for the
determination of cadmium if a saturated aqueous solution of
[Fe(«,cr'-dip)3 ]»I2 containing an excess of iodide ions is used as the
reagent.

The ionic species react as follows:

[Fe(cr,a' -dip)3]+2 +

hi' +Cd+2 -» [Fe(a,a'-dip)3 ]•[Cdl4 ]

A red violet precipitate is obtained, which is characterized by
the fact that its cationic and anionic constituents are complexes.
This unusual combination accounts for the remarkable sensitivity and
selectivity of this test for cadmium.

Interferences are inhibited by

the use of suitable masking agents.

8 . EXPERIMENTAL
1.

Reagent8 and stock solutions

Ferrousdlpyridyl iodide:

Dissolve 0.25 g® a,Of'-dipyridyl

(Fisher Scientific Company, New Jersey) and 0.146 gm ferrous sulfate
heptahydrate in 50 ml water.

Add 10 gm of potassium iodide and after

shaking vigorously for 30 minutes, filter off the [FeCa,^-dip) 3 ]»I2 .
The resulting saturated solution of [Fe(a, o'-dlp)3 ]'I2 contains
excess iodide to accomplish the formation of the [Cdl4 ] 2 essential
to the cadmium test.

The solution is stable for one week; if it be

comes turbid on long standing, it should be filtered before use.
Standard stock cadmium solution:

A solution containing 10 mg

of cadmium per milliliter is prepared by dissolving 1.37 gm Cd(N03)2 *
U h 20 and making up to 50 ml with distilled water.

This solution is

diluted as necessary for preparing standard working solutions.
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Trisodlum phosphate:

5$ w/v in distilled water

Potassium cyanide:

0.5$ w/v in distilled water

Ammonium acetate

15$ w/v in distilled water

Ammonia

58$ (approx.) made by Malllnckrodt

2.

Apparatus

Weisz ring oven with accessories (Arthur H. Thomas Company,
Philadelphia).
Surface temperature thermometer, (Pacific Transducer Corp.).
Calibrated lambda pipets.
Whatman No. ill filter paper or Whatman sequential tapes.
Hair dryer.

C.

RECOMMENDED PROCEDURE
Place a filter paper, the center of which has been previously

marked with a pencil dot, on a ring oven maintained at 100-105° C.
An appropriate volume of the standard or unknown cadmium solution is
added, followed by two 15 p.1 portions of 15$ ammonium acetate and
0.5$ potassium cyanide solution.

Wash the cadmium to the ring zone

employing 5 or 6 washings with 15 pi portions of distilled water and
taking care to avoid any diffusion of solutions beyond 1 mm from the
heating block.

Add 15 pi of 5$ trisodlum phosphate; wash it to the

ring zone with water.

Dry the paper on the ring oven and then expose

it to ammonia fumes for about 2 minutes by holding it at the mouth of a
bottle of concentrated ammonium hydroxide solution.

Add the ferrous-

dlpyrldyl iodide reagent to the ring zone, either by spraying or by
means of a capillary pipet.

A red color develops almost imnedlately.

After the color has developed fully (about 50 sec.) wash the ring with
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a jet of distilled water for about 40 sec.

Dry the filter paper

in a stream of warm air and match against standards.

The color

intensity of the ring is stable for at least one month.

D.

ANALYSIS OF AN UNKNOWN
A standard scale is prepared following the above procedure by

making rings with 1,3,5,7,9> and 10 p,l portions of a solution con
taining 0.1 pg of cadmium per microliter.

For sampling, the usual

methods of dust collection are applicable, but the use of dust tapes
is especially convenient because all operations can be performed
directly on the sample spot.

When the cadmium particulates are

soluble in potassium cyanide, no previous treatment need be per
formed, and the tests can be run directly on dust tapes.

If in

soluble particulates (cadmium sulfide) are anticipated, a pretreat
ment is necessary before the analysis.

The paper is exposed to bro

mine vapors for about 3 minutes, or a dilute solution of bromine water
is added to the spot and dried in a stream of warm air.

The sulfide

is thereby oxidized to the soluble sulfate and the analysis can be
continued as first described.
Where sequential tape samplers are used, an instrument having an
orifice less that 22 mm should be selected so that the total sample can
be centered on the ring without the spot extending to the ring area.
Once the sample spot is properly positioned, the cadmium can be
dissolved by cautious treatment with dilute potassium cyanide solution
and the dissolved salts washed to the ring zone and the cadmium esti
mated as described above.

E.

RESULTS AND DISCUSSION
Masking of interferences:

The addition of ammonium acetate

fixes the iron as the basic acetate precipitate in the center of the
filter paper.

Copper, nickel, cobalt, and zinc are washed to the

ring along with cadmium.

Trisodium phosphate is added to mask lead

which otherwise would precipitate as the iodide and react with the
reagent to produce a pink color.

The filter paper is exposed to amno-

nla fumes to mask copper, nickel, cobalt, and zinc.

Cadmium and these
+2

ions form their respective ammine complexes, but the Cd(NH3)4
equilibrates promptly to form the iodo complex whereas the other
ammine complexes are inactive.

Silver and thallium interfere but

these are usually not of any significance in air pollution investiga
tions.

F.

INTERFERENCES
The effect of interfering ions was investigated by preparing two

rings for each ion.

The first ring contained 20 ^g of the potential

interfering ion and the second, 0.2 p>g of cadmium in the presence of
20 tig of the interfering ion.

The ion was established as non

interfering when the first ring was identical to the blank and the
second matched with the 0.2 jig cadmium ring of the standard scale.
The following ions do not interfere at 20 jig levels:
Group ILi+ , Na+ , K+ , Rb+ , Cs+ , Cu+2
Group II

Be+2 , Mg+2 , Ca+ 2 , Sr+ 2 , Ba+ 2 , Zn+2

Group III

B02 ", B40y'2, Al+ 3 , Ga+3 , Ce+3

Group IV

C03‘, Ac", Si03", Ge03", Zr+ 4 , Sn+ 4 , Pb+ 2 ,

Group V

NH4+ , N02 ", N03 ", HP04"2 , V(fe", Hfl803 "2 ,HAs04"2 , Sb+3,

Th+4
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Group V

Sb+ 5 , Bi+3

Group VI

S'2 , S03”2 , S04 2 , S203 2 , Se03 2 , Se04 2 , Te03 2 ,
Te04'2 , Cr+3, Cr04"2 , Cr20r"2 , Mo04'2 , W04"2 , V02+2

Group VII

F~, Cl", C103", C104‘, Mn+ 2 , Mn04", Br", Br03~, i",
I03", CN", n c s "

Group VIII

Fe+3 , Co+ 2 , Nl+2

Interference was observed from Hg+ , Pd+2, Ag+ , Tl+ , and Au+ 3 .

How

ever, these Interferences are of no practical significance In air
pollution studies.

G.

QUANTITATIVE ESTIMATION
A standard scale Is prepared following the above procedure, by

making rings with 1,2,5»5>7 and 10 pi portions of a solution containing
0.1 pg of cadmium per microliter.

Three rings are made from different

numbers of microliter portions of the unknown sample solution.

The

color of each of the three rings is matched visually with the
standard scale, and it is decided whether it matches one of the standard
rings or if it falls between two standard rings.

The quotient ob

tained by dividing the total number of microliters of the three
standards by the sum of the number of microliter drops of the three
rings made from the unknown solution, multiplied by the concentration
of the standard solution, gives the concentration of the unknown (56).
Results are shown in Table IV.

Uo

TABLE IV
DETERMINATION OF CADMIUM
Taken tig

(a)
Found tig

0.200

0.20U + 0.020(b)

0.300

0.310 + 0.016

(a)

Based on averaging 3 values calculated from 3 rings, each
according to the method of Weisz (36).

(b)

Calculated at 90$ confidence level.

CHAPTER
PART

C

MICRODETERMINATION OF ZINC AIRBORNE PARTICUIATES
BY MEANS OF THE RING OVEN

A.

INTRODUCTION
Zinc and its compounds are generally considered to be non

toxic; however, high concentrations of certain compounds can produce
harmful effects on humans, animals and plants (9*0 •

Zinc is

commonly associated with other metals, such as lead, copper, and
cadmium, thus making the effects of zinc air pollution difficult to
distinguish from the effects caused by its associated metals.
Consequently, the specific effects and the synergistic effects of
these metals are not yet fully understood.
a common pollutant found in air.

Harmful or not, zinc is

The national 2^-hour average

concentration of zinc in the atmosphere was 0.67 pig per cubic meter
during the period I96O-6U; the maximum value recorded during that
period was 58 pig per cubic meter in 1963 (9*0 •

Its wide occurrence and

use warrants the development of a rapid and simple method for its
de termina t ion.
Conventional methods for the determination of zinc in air are
described by Jacobs (95*27).
metric methods are tedious.

Both ferrocyanide and dithizone colori
Kawase (96) has recently developed a

spectrophotometric method for the determination of trace amounts of
zinc down to 0.1 pig using l-(2-thlazolylazo)-2-naphthol.

Trenholm and

Ryan (97) report that dibenzothiazolylmethane produces a specific
fluorescence with zinc in ethyl alcohol-water solution; they de
termined zinc quantitatively in solutions containing 0.05 to 50 mg

kl

k2

of zinc per liter.

National Air Pollution Control Administration

has used emission spectroscopy and atomic absorption spectroscopy
to analyse samples from National Air Sampling Network (9*0.

West

and Thabet (6l) have used o-mercapto-thenalaniline for determination
of zinc by the ring oven technique.

Though this method is quite

selective and sensitive there are some interferences and also the
reagent is not readily available.

A method has been developed for

the determination of zinc using dithlzone on ring oven which is
specific and sensitive.
Although dithizone reacts with a score of metals, the reactions
can be made specific for certain metals by resorting to one or more
of the following devices.
1.

Adjusting the pH of the solution to be extracted.

2.

Adding a complex-forming reagent which will tie up other

reacting metals.

3 . Altering the oxidation state of interfering metals.

(This

is of minor importance).
At a pH of approximately 5 in the presence of a sufficient
quantity of thiosulfate, the only metals reacting appreciably with
dithizone in carbon tetrachloride solution are palladium (II), tin
(II), nickel (II), cobalt (II), and zinc (35)•

Large amounts of

nickel (II) and cobalt (II) will react under these conditions, but
can be masked with cyanide, which also prevents the reaction of
palladium.

This has been used as the basis to develop a rapid,

sensitive, and specific method of determination of zinc on a ring
oven.

hi

B.

EXPERIMENTAL
1.

Reagents and Standard Solutions

Zinc stock solutions:

A 10 mg per milliliter solution of zinc

was prepared by dissolving a 2.28 gm of Zn(N03)2 .6H20 In distilled
water slightly acidified with nitric acid and made up to
distilled water.

30 ml with

The stock solution was diluted as necessary for

preparing standard working solutions.
Dithizone:

(Fisher Scientific Company, N. J.) was used without

prior purification.

A 0.05$ solution in carbon tetrachloride was

used.
Potassium cyanide:

0.5$ w/v in distilled water.

Ammonium thiosulfate: 5$ w/v in distilled water.
Amnonlum acetate:

A 5$ solution in water adjusted to pH

3 with

acetic acid.
Ammonium acetate:
2.

15$ w/v in distilled water.

Apparatus

Ring oven with accessories (Arthur H. Thomas Company,
Philadelphia, Pa.).
Surface temperature thermometer, range 20° to 180° C.
Calibrated lambda pipets.
Hair dryer.
Whatman No.

C.

hi filter paper or sequential dust tapes.

RECOMMENDED PROCEDURE
Place a filter paper, the center of which has been previously

marked with a pencil dot, on a ring oven maintained at 100-105° C.
Add an appropriate volume of the standard or unknown zinc solution

followed by two 10 p.1 portions of ammonium acetate (154) and two 10
ml portions of 0.5$ potassium cyanide solution.

Wash with distilled

water to the ring zone taking care to avoid any diffusion of solutions
beyond 1 mm from the heating block.
portions would normally suffice.

About 5 or 6 washings of 10 ml

Add 15 1*1 of 5$ thiosulfate

solution and wash to the ring with ammonium acetate-acetic acid
buffer solution.

Finally, wash everything to the ring zone with

distilled water.

Bring to almost dryness on the ring oven, spray

dithizone on the paper, and dry it in a stream of cool air.
red ring develops which is compared against standards.

A purple-

The color

intensity is stable indefinitely if stored in the dark.

D.

ANALYSIS OF AN UNKNOWN
A standard scale is prepared following the above procedure, by

making rings with 1,2 ,3 ,5»7 and 10 pi portions of a solution containing
0.1 pg of zinc per microliter.

Three rings are made from different

numbers of microliter portions of the unknown sample solution.

The

color of each of the three rings is matched visually with the stan
dard scale, and it is decided whether it matches one of the standard
rings or if it falls between two standard rings.

The quotient ob

tained by dividing the total number of microliters of the three
standards by the sum of the number of microliter drops of the three
rings made from the unknown solution, multiplied by the concentration
of the standard solution, gives the concentration of the unknown

^5

The ring oven methods have been proved to be suitable for air
pollution Investigations (30,31»56»60-63,69).

To test Its reli

ability we have done some comparative studies of the results obtained
by the ring oven and atomic absorption spectroscopic methods of some
air samples from Lake Charles, Louisiana.
using a high volume sampler on
filters.

The samples were collected

k" diameter circular glass fiber

Samples for ring oven were obtained by punching out discs

with a clean cork borer of 9 m

diameter.

Four samples were taken

from each filter, one from each quadrant.
The discs are placed with their dust side on the filter paper on
the ring oven and analysed according to the above procedure.

For

analysis by atomic absorption spectroscopy a known weight of the
filter is cut out and placed in a 50 ml beaker.

It is digested with

dilute nitric acid for a half hour, filtered and the filtrate evapo
rated to dryness, dissolved in distilled water and made up to 10 ml.
The aqueous nitric acid solution is aspirated into an air-acetylene
flame in a single slot burner.
A Perkin Elmer, U03 Atomic Absorption Spectrometer was used.

The

pressure of oxidant and fuel were set to standard conditions as
recommended in the Perkin Elmer manual for zinc.

A Perkin Elmer

zinc hollow cathode lamp was used and the absorbances were measured
at 2138 £.

Standard solutions of zinc were made up in the same man

ner as the samples and a calibration curve was constructed.

From

the absorbances measured for the air samples and knowing the weights
of the samples, the concentration of zinc in micrograms per cubic
meter can be calculated.

The results are tabulated in Table V.
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TABLE V
DETERMINATION OF ZINC
METHODS

SAMPLE

AAS*

Ring Oven
Hg

Za/m3

p,g Zn/m3

W-l

0 .2k

0.30

W-3

0.18

0.22

W -5

0.21

0.25

w-6

0.18

0.20

w -13

0.18

0.21

w-18

0.15

0.17

*AAS - Atomic Absorption Spectrometer
Good agreement is observed.

E.

RESULTS AND DISCUSSION
Selection of paper:

Whatman filter paper No. 4l was used because

of its purity and good diffusion properties.

Whatman dust tapes can

also be used for running samples collected on a sequential tape sampler.
Masking:

Thiosulfate and cyanide effectively mask all the inter

ferences, thus making this method specific.

The pH is quite critical

here because at a higher pH of 8 or 9> lead reacts with dithizone giving
about the same color as that given by zinc.

There will be an orange-

yellow background for the rings in this method.
oxidation of unreacted dithizone.

This is due to the

To remove this excess reagent,

various solvents were tried but none worked.

The solvents tried either

washed both the ring and the excess reagent or did not remove either.

F.

INTERFERENCES
The effect of interfering ions was

two

rings for each

investigated by preparing

ion.The first ringcontained 20 pg of the po

tential interfering ion and the second, 0.2 pg of zinc in the pre
sence of 20 pig

the Interfering ion.

The ion was established as

noninterfering when the first ring was Identical to the blank and
the

second matched with the 0.2 pg zinc ring of the standard scale.
The following ionsdo not interfere at the 20 pg level.

Group I

Li+ , Na+ , K+ , Cs+ , Ag+ , Au+ 3 , Cu+2

Group II

Be+2 , Mg+ 2 , Ca+2 , Sr+2, Ba+2, Cd+2, Hg+2

Group III

B02', Al+ 3 , Ga+ 3 , Ce+3

Group IV

C03 "2 , Ac", Tart”, Si03", Ti+4 , Ge03",

Zr+ 4 , Sn+4,

Pb+2 , Th+4
Group V

NH4+ , N02", N03", HP04"2 , V02+ , V03", HAs03"2 , HAs04“2 ,
Sb+ 3 , Sb+ 5 , Bi+3

Group VI

S 2 , S03 2 , S04 2 , S203"2 , Se03 ”2 , Se04"2 , Te03 ”2 , Te04"2
Cr 3 , Cr04 2 , C ^ O t " 2 , Mo04"2 , W04"2 , V02

Group VII

F", Cl", Mn+ 2 , Mn04",
Mr
Re04", Br", Br03", i", NCS‘

Group VIII

Fe+3, Co+ 2 , Ni+2

G.

QUANTITATIVE ESTIMATION
The accuracy and the reproducibility of the method for the deter

mlnatlon of zinc were ascertained by the procedures of Welsz (56)
as described above in the method for cadmium.
tabulated in Table VI.

The results are
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TABLE VI
DETERMINATION OF ZINC
ug taken

ug found

(a)

0.300

O .312 + 0 .056(b)

o.4oo

o.4o8 + 0.030

(a)

Based on averaging 3 values calculated from 3 rings, each
according to the method of Weisz.

(b)

Calculated at 90$ confidence level.

CHAPTER
PART

D

MICRODETERMINATION OF CHROMIUM AIRBORNE PARTICULATES
BY MEANS OF THE RING OVEN TECHNIQUE

A.

INTRODUCTION
The toxicity of both hexavalent and trivalent compounds of

chromium to humans is well known (98).

Inhalation of chromium

compounds may produce cancer of the respiratory tract.

Exposure

to airborne chromium compounds may also produce dermatitis and
ulcers on the skin.

Hypersensitive people react to very low

concentrations of hexavalent chromium compounds (0.0001 per cent
potassium dichromate solution).

The importance of rapid and re

liable methods to determine chromium and its compounds in air and
water need not be emphasized.
Strongly acidic solutions of chromates react with s-diphenylcarbazide to give a water-soluble violet product (99)•

The reaction

has been used as the basis for spot tests for Cr(VI) (93*100*101) and
also for colorimetric estimations of chromium (102).

West (31) has

suggested the possible use of s-diphenylcarbazide in the quantitative
estimation of chromium by the ring oven technique.

A method has been

worked out with some modifications by the use of reagent crayons of
dlphenylcarbazide.

B.

EXPERIMENTAL
1.

Reagents and Stock Solutions

A 10 mg/ml standard solution of chromium was prepared by dissolving
O .698 gm of sodium chromate in distilled water and diluting to 30 ml.
Appropriate dilutions were made to obtain various other concentrations
^9
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s-Dlphenylcarbazide - Eastman Kodak
Sulfuric acid - 0.2 N approximately
2.

Apparatus

Capillary pipets calibrated 1-20 pi
Whatman filter paper No. Ul
Ring even (Arthur H. Thomas Company, Philadelphia, Pa., Sold
under the trade name "Trace Oven").
Surface temperature thermometer, (Pacific Transducer, Corp.).
3*

Preparation of Reagent Crayon

Glyceryl stearate (3*5 gm) was mixed in a test tube with 1.3 gm
of paraffin wax.

The mixture was heated in a boiling water bath until

it became transparent and homogeneous; 30 mgs of diphenylcarbazlde
were dissolved in the hot mixture and poured into a plastic straw.
After the crayon had cooled it was exposed, as needed, by peeling off
the protective plastic and used by rubbing its tip on the deposit
in the ring.

C.

RECOMMENDED PROCEDURE
Place the filter paper on the ring maintained at 100-103° C

and fix the paper in position with the retainer ring.

If the unknown

sample is a solution, add an appropriate portion of the sample to the
center of the paper and wash out to the ring zone with distilled water,
taking care to avoid flooding of the ring.

About 3 or 6 washings

with 10 pi portions will normally suffice.

Dry the paper on the ring

oven and rub the reagent crayon along the ring zone, allowing the wax
to melt by the heat of the ring surface.
make the wax coating as thin as possible.

Care must be exercised to
Remove the paper from the
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ring oven.

The wax coating solidifies immediately.

Dip into a

bath of 0.2 N sulfuric acid until the violet ring develops,
(about 2 minutes).

Dry the paper in a current of cool air and

compare against standards.

D.

ANALYSIS OF AN UNKNOWN
A standard scale is prepared following the above procedure by

making rings with 1,3 *5*7,9 and 10 pi portions of a solution con
taining 0.1 p,g of chromium per microliter.

For sampling, the

usual methods of dust collection are applicable, but the dust tapes
are especially useful because all operations can be performed
directly on the sample spot.

In case of an unknown liquid sample,

the Weisz method (36) of statistical analysis can be employed with
advantage for the determination.

E.

RESULTS AND DISCUSSION
The use of a reagent crayon has several advaintages;
1)

s-Diphenylcarbazide crayon is more stable, whereas, when one

uses the reagent dissolved in some organic solvent like alcohol
or acetone, it has to be prepared fresh.
2)

Variations in sensitivity have been reported when diphenyl-

carbazlde dissolved in various organic solvents like acetone,
methanol, ethanol, acetic acid, etc., are used for the determi
nation of chromium (102).
3.

Because Cr(VI) forms a water soluble complex with diphenyl-

carbazlde, when the reagent is dissolved in an organic solvent

and sprayed on the ring and the paper Is dipped Into a
sulfuric acid bath, the ring diffuses and spreads, thereby,
making the comparisons difficult.

Whereas, with the reagent

crayon, the wax stabilizes the ring and sharp rings are easily
obtained.
One of the disadvantages of the above procedure Is that the
ring Is 8table for only about one-half hour.

This Is due to the air

oxidation of the reagent, which Is catalysed by the sulfuric acid.
This can be overcome by using "Permanent Standards".

A set of

permanent standard rings can be made easily by using ordinary colored
crayon having the same color as the complex.

Many rings of different

Intensities are made and by carefully matching with actual standard
rings, a set of "permanent standards" Is chosen.
With a view to eliminate the step of dipping the sector into
sulfuric acid an attempt was made to make a reagent crayon with some
acids such as p-toluene sulfonic acid, maIonic acid and oxalic acid.
None of these was successful either because of lmmiscibility or
because of oxidation of diphenylcarbazlde.
The lower limit of detection is 0.1 pg and the optimum range Is
from 0.5 pg to 3.0 pg.

F.

INTERFERENCES
The effect of interfering Ions was Investigated in the same

manner as for zinc and cadmium.

The following ions were established

as non-Interfering at 100 fold concentrations.
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Group I

Li+ , Na+ , K+ , Cs+ , Rb+ , Cu+ 2 , Au+3 , Ag+

Group II

Be+2 , Mg+2 , Ca+2 , Sr+ 2 , Ba+ 2 , Zn+2 , Cd+2

Group III

B02 ", B407"2 , Al+3 , Ga+3 , Ce+3

Group IV

C03“2 , Ac", Si03", Zr+4, Sn+2 , Pb+2, Th+‘

Group V

NH4+ , N03", HP04"2 , V02+2 , V03", HAs 04”2
Sb+3, Sb+5 , Bi+3

Group VI

S-2, S03"2 , S04 "2 , Se03"2 , Se04”2 , W04"2
V02+2

Group VII

F~, Cl", Br“, i", Mn+2 , CN", NCS"

Group VIII

Fe+ 3 , Co+ 2 , Ni+2

Interference was observed from Hg , Mo04

, and Br03 .

However, these are of no practical significance in air pollution
studies.

G.

QUANTITATIVE ESTIMATION
The accuracy and reproducibility of the method for the deter

mination of chromium were ascertained by the procedure of Weisz (56).
The details are given in the method for cadmium and zinc discussed
previously.

The results are shown in Table VII .

TABI£ VII
DETERMINATION OF CHROMIUM
p,g Taken

pg found (a)

0.400

0.414 + 0.020(b)

0.300

0.299 ± 0.020

(a)

Based on averaging 3 values calculated from 3 rings

(b)

Calculated at 90^ confidence level

CHAPTER
PART

E

SIMULTANEOUS DETERMINATION OF EIGHT METALS
IN AIRBORNE PARTICULATES BY THE RING OVEN TECHNIQUE

A.

INTRODUCTION
From the earlier discussion it is clear that ring oven methods

are Ideally suited for analysis of metals in airborne particulates,
especially in the field.

In addition to methods discussed above

for the determination of cadmium, chromium, and zinc methods have
been reported for the determination of beryllium (62), lead (65,71),
copper (60), cobalt and nickel (56).

In all the methods reported a

single metal is determined individually on one sample.

When deter

minations of four or five different metals are required, this way of
determining these metals individually would be time consuming and
cumbersome.

With a view to overcoming this difficulty, an attempt

has been made to develop a ring oven method, wherein eight different
metals can be determined simultaneously.
The principle of the method is as follows.

The particulate sam

ple is collected by a high volume sampler or preferably a tape sampler.
In the tape sampler the analysis can be done on the tape Itself, where
as in the case of the high volume sampler a small disc has to be punched
out using a cork borer.

The disc is placed on the center of a filter

paper on the ring oven, with the dust side facing the paper.

All the

metal cations are then washed to the ring zone by means of a suitable
solvent or solvents.

The ring is then dried and cut into as many

sectors as the number of metals that are to be determined.

To each

sector a specific reagent is applied such that only the materials
under consideration react to give a colored product.
5^

Where such a
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specific reagent is not available for a metal, it is made specific
by effectively masking the interferences by means of suitable complexing or masking agents.

As far as possible, the masking agents

are incorporated into the solvent, which is used for washing the
metal ions; if not, after the sector has been cut for the deter
mination of different metals, the masking agent is added to the ring
before the application of the reagent to give a characteristic colored
product.

Standard rings for each metal ion are made by adding 1,2,

3 ,5,7 , and 10 p,l of a 0.1 p.g/nl solution to the center of a filter
paper placed on the ring oven.

It is washed to the ring zone by the

same solvent used for the sample.

Masking agents are added even if

there are no interfering metals to simulate the same conditions un
der which the sample was estimated.
added to develop the colors.

The necessary reagent is then

Thus, we get a series of standard rings

with varying Intensity of the color.

The determination is completed

by matching the sample ring or sector with the standard ring.

It

should be obvious that as long as we are matching only the Intensity
of the color, the estimation will be the same whether we match a sector
or a semi-circle to the whole ring.

Accuracies of 10 to 154 can be ob

tained .

B.

EXPERIMENTAL
1.

Apparatus

Ring Oven, (Arthur H. Thomas Company, Philadelphia) sold under
the trade name "Trace Oven".
Surface temperature thermometer, range 20° to l80°.
Calibrated lambda plpets.
Whatman No. Ul filter paper or Whatman sequential sampler tapes.
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Sequential tape sampler or high volume sampler.
Hair dryer.
Ultraviolet light source (Ultraviolet Products, Inc., Calif.).
2.

iStock Solutions of Metals

A 10 mg/ml solution of beryllium, cadmium, chromium, cobalt,
copper, lead, nickel, and zinc were prepared by dissolving the metal
salts in distilled water as shown below.
Metal

Metal Salt

Weight(gm)

10.1*

Diluted to

50.00

Beryllium

Be(N03)23H20

Cadmium

Cd(N03)24H20

1.57

50.00

Chromium(VI)

Na2 (Cr04)

0.698

50.00

Cobalt

Co(N03)26H20

2.1*7

50.00

Copper

Cu(N03)26He0

2.33

50.00

Lead

Pb(N03)2

0.799

50.00

Nickel

Ni(N03)2

2.1*8

50.00

Zinc

Zn(N03)26H20

2.28

50.00

3.

Remarks
Made slightly
acidic with
HN03

Acidified
with HN03

Reagents

Potassium Cyanide:
Ammonium Acetate:

0.5^ w/v in distilled water
15*0# w/v in distilled water

NUiOH-Methanol Solution: (1:1 conc. NH4OH and methanol)
Na3P04 :

10# w/v in distilled water

Ethylenediaminetetraacetic Acid(EDTA) : 0.1 M

♦The stock solutions were diluted as necessary for preparing standard
working solutions.

H2S04 : 0.2N
Na2HP04 :

5$ w/v in distilled water

KCN Wash Solution:
NaN02 :

0.24 (w/v) KCN in 2# NH*0H

24 w/v in distilled water

(NH4)2S203:

54 w/v in distilled water

CH3COONH4 -CH3COOH Solution:

Formaldehyde:

concentrated reagent grade

Dimethylglyoxime:
Dithizone:

14 w/v in absolute ethanol

0.054 w/v in CC14

l-Nitroso-2-naphthol:
Dithiooxamide:

Morin:

54 (w/v) ammonium acetate solution
adjusted to pH 5 to 5*5 with
acetic acid

0.14 w/v in acetone

saturated solution in 204 (w/v) malonic acid in
absolute ethanol

0.14 ethanol solution or a reagent crayon

Ferrous dipyridyl iodide:

a,a' dipyridyl (0.25g) end FeS04 .71^0

(0.lU6g) are dissolved in 50 ml of water, 10 g of KI are added,
and after shaking vigorously for
tered.

JO minutes the solution is fil

The filtrate will be the reagent [Fe(0f,a' -dipyl)3 ] I2

containing excess iodide ions essential for the test.
agent is stable for five days.

The re

If it becomes turbid on long

standing, it should be filtered before use.
Diphenylcarbazide reagent crayon:

In a test tube with 1.5 g of

parrafin wax 3.5 g of glyceryl stearate are mixed.

The mixture

is heated in a boiling water bath until it becomes transparent and
homogeneous, 50 mg of S-diphenyl carbazlde are dissolved in the hot
mixture and poured into a plastic straw.

After the wax is cooled

and solidified, it is exposed, as needed, by peeling off the pro-
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fcective plastic, and used by rubbing its tip on the deposit
in the ring.

Morin and dithiooxamide reagent crayon can also

be prepared in the same way as described above.

C.

RECOMMENDED PROCEDURE
1.

Sampling

a)

Collect 0.5-2.0 m 3 sample (depending on the level of dust

burden) on the sample tape.

Center the spot on the ring oven.

b)

Add 15 ill NH4AC (15$).

c)

Add 15 Hi NH4AC (15$) + 15 Hi KCN (0.5$.

Wash to the ring zone with water.
Wash to the ring

zone with distilled water.
d)

Remove the tape from the ring oven and cut the ring into

as many sectors as there are tests to be run.
The treatment of the sample discussed above is the same for all
the metals considered.

Each sector can now be used for the deter

mination of a metal by proper conditioning (where necessary) and
developing the color with a specific reagent.

Though the procedure is

deceivingly simple, it serves the critically Important function of
eliminating the interference of iron (which is always present in air
borne samples). The iron is converted to crystalline iron basic
acetate and thus fixed in the center of the filter paper.

Lead and

beryllium are solubilized by the formation of polynuclear acetate
complexes (76).

Copper, nickel, cadmium, cobalt, and zinc, are

rendered soluble by formation of their respective cyano complexes.
The soluble species are all washed to the ring zone and are deposited
there, free of interfering iron salts.
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The procedure for the development of color for the various
metals Is described below.

D.

BERYLLIUM
1.

about 1

Position the test sector on the ringoven with the
mm from the heated surface.

2.
water.
5.

sector

Add 15 |il of 0.1M EDTA and wash

totheringwithdistilled

Dry in a stream of warm air.
Place the dried sector on the ring oven surface and apply

the reagent crayon (morln) to the ring sector.
U.

Soak sector in the bath (1:1 concentrated NK^OH-methanol)

for about five minutes.
Examine under a UV lamp.

Dry the sector in a current of warm air.
Compare against standards.

Discussion
Beryllium Ions give an extremely sensitive yellow-green
fluorescent product with morln (3 »5»7 »2,U-pentahydroxyflavone) (105).
Many heavy metals, either fluoresced with morln (A1 and Th) or
masked the fluorescence due to the Be-Morin complex, (Fe and Cr).
Masking with ethylene dlaminetetraacetate (EDTA) proved satisfactory
for avoiding the effect of the heavy metal group.

EDTA reacts with

most of the metal ions Including beryllium, to produce water soluble
chelate compounds with inner complex anions.

These products are

resistant to ammonia except for the Be-EDTA complex, which decom
poses in amnonla forming Be(OH)2 which successively forms a greenyellow fluorescent product with morln.

The exceptional instability

of the beryllium EDTA complex is the basis of this highly selective

determination.

The use of reagent crayon proved very effective in

obtaining sharp rings.

The treatment in the bath after the re

agent crayon was rubbed in is necessary for three reasons:

1) the

Be-EDTA complex is exposed to NH3 and decomposed; 2) the soluble
metal-EDTA complexes are washed out; and 3) most of the excess
reagent crayon is removed.
Limit of identification ~ 0.01 pg
Optimum range - 0.03 M-8 " 0*2pg
Beryllium is seldom found in urban atmospheres in detectable amounts.

E.

CADMIUM (69)
1.

The test sector is positioned on the ring oven with the

sector about

1 mm from the heated surface.

2.

Add 13 Mil of 10<g Na3P04 and wash itto thering.

3.

Dry the sector and expose it to NH3fumes.

k.

Add the reagent, ferrousdipyridyl iodide, to the ring using

a capillary plpet.

Wash in a jet of distilled water for 30 seconds.

Dry in a current of warm air.

Compare against standards.

Discussion
Cadmium in the presence of excess iodide ions forms the large
anionic complex [Cdl4 ] 2 .

This large anion combines with the cationic

complex [Fe(o,cr' -dip)3 ]+2 to form a bright pink ion association
complex.

This complex formation is the basis of this sensitive test

for cadmium.

Other large anions like [N1(CN)4 ] 2 , [Zn(CN)4 ] 2 and

[Co(CN)4 ] 2 also form colored products with the Fe(afa'-dip)3+ 2 .
cation.

They are masked by exposing to NHs vapors.

When including

cadmium all the interferents form the anxnlne complexes, but only

61

[Cd(NH3)4 ]2+ equilibrated promptly with the reagent to form the
iodo complex, whereas the other amine complexes are rendered
inactive.

On washing with distilled water, only the cadmium com

plex stays on the paper; all other soluble ions and the excess re
agent are washed off.

Lead, which is always present in airborne

particulates, presents a special problem by precipitating as Pbl2 ,
which adsorbs the pink reagent, thereby interfering with the tests.
Since lead does not form any complex with ansnonia or cyanide, it
has to be masked by the addition of Na3P04 , which forms a highly
insoluble white precipitate of Pb3 (P04)2 (Ksp=10 5C), which does
not either adsorb the reagent or react with it.
Limit of identification - 0.05 M-g
Optimum range - 0.08-2.0 (jig
Cadmium in urban atmospheres is seldom encountered in detectable
quantities.

F.

COPPER
1.

Dry the test sector at room temperature.

2.

Spray the sector with the reagent (saturated soln. of

dithiooxamide in 20$ maIonic acid in ethanol).
air.

Do not heat the sector.

Dry in a jet of cold

Compare against standards.

Discussion
Copper reacts with dithiooxamide to produce a green or black stain,
The potential interferences due to cobalt, nickel, lead, etc., are
masked by malonic acid.

It is Important in this test to have right

amounts of malonic acid and cyanide.
could mask copper itself.

If excess cyanide is present it

Also, after the addition of the reagent, it

is critically important to dry it in a stream of cold air.

If it is

dried with hot air, the malonic acid probably gets decarboxylated
or the complexes with the interferents are decomposed and the
masking will no more be effective.
Limit of identification - 0.08 |xg
Optimum range - 0.1-0.8 pg
The average range of copper in urban atmospheres is 0.09 p.g/m3 .

G.

CHROMIUM
1.

Apply the reagent crayon (diphenylcarbazide ) to the test

sector.
2.

Dip the sector into a bath of 0.2 N HeS04 .

Dry the sector in

stream of cool air and compare against standards.
Discussion
Only Cr(VI)(i.e. Cr04 2) reacts with the reagent under these
conditions to form a violet colored, water soluble complex.

Other

metals like Cu, Co, Nl, etc., form colored products at other pH's,
but in highly acidic solution only Cr(VI) forms a stable complex.
The violet test stain is stable for only about 30 minutes, because
of the acid-catalyzed oxidation of the reagent to a brown product.
The reagent crayon serves to stabilize the complex on the ring.
Permanent standards are preferred for this test.

Permanent standards

can be obtained by drawing violet colored lines of different intensity
on filter paper, with the same colored ink or pencils.

These are

then matched with actual colored rings obtained from chromium stan
dards, to obtain a series of permanent standard rings.

Limit of identification - 0.1 pg
Optimum range - 0.6 pg-2.0 p>g
Chromium in urban atmospheres is rarely encountered in detectable
quantities.

H.

COBALT
1.

Expose test sector to NH3 fumes.

2.

Spray with Na2HP04 (5^ solution)

3.

Spray with reagent (0.1$, l-nitroso-2-naphthol in acetone)

Compare against standards.
Discussion
Cobalt reacts with l-nitroso-2-naphthol in weakly basic to
neutral solutions to produce an insoluble brown product.

Only

iron, uranium and copper salts interfere with this test.

The iron

is masked initially by precipitation with ammonium acetate as the
crystalline iron basic acetate.

The exposure to NHa fumes and

addition of Na2HP04 serves to give the right pH for the test.
Also, the phosphate helps to mask any iron on the paper or that was
not masked with ammonium acetate.
100 fold concentration.

Copper Interferes at more than

But at lower concentrations it does not

react with l-nitroso-2-naphthol.
Limit of identification - 0.05 pg
Optimum range - O.O8 -3 .O p.g
Cobalt is seldom found in urban atmospheres in excess of 0.001 ng/m3 .
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I.

LEAD

(0.0^4> dithizone in CC14) .

1.

Spray test sector with reagent

2.

After 30 seconds, dip sector in wash solution (0.2^ KCN

in 2# NH4OH) for 3 or k minutes, then wash in tap water.
a current of warm air.

Dry in

Compare against standards.

Discussion
Lead reacts with dithizone (diphenythiocarbazone) to produce
a red stain.

Cobalt, zinc, copper, nickel, cadmium, and silver

also form colored products with dithizone, which can be extracted
into CCI4 .

The interference due to these heavy metals are masked by

the addition of cyanide.

Cyanide forms soluble complexes with these

heavy metals which are washed off by the above treatment.

The excess

reagent is also washed off, giving a clear red ring of lead dlthlzonate.
If cobalt is present in more than 10 fold excess, the above masking
is not very effective.

In that case, the sector is placed on the

ring oven and 15 p.1 of 2$ NaN02 solution is washed to the ring and
then the sector is subjected to the same treatment as above.

Cobalt

is masked with N02 through information of hexanitritocobaltate (III).
Limit of identification - 0.1 p.g
Optimum range - 0.5" k.O (j,g
The usual lead concentration for urban atmosphere is 0.8 ng/m3 .

J.

NICKEL
1.

Expose test sector to formaldehyde fumes for two minutes.

2.

Spray sector with dimethylglyoxlme (14 in ethanol).

3 . Expose to NH3 fumes.

Compare against standards.

65

Discussion
A brlllant red precipitate gives a specific measure of the
presence of nickel.

The test sector Is exposed to formaldehyde

fumes to demask the tetracyanatonickelate (II) complex (formed
during the preliminary treatment of the same spot).

The HCHO

-O

reacts with N1(CN)4

to form cyanohydrin and liberate Ni

which

reacts with dimethylglyoxime In the ammoniacal medium (sector ex
posed to NH 3 fumes) to give a brilliant red stain.

This test Is

specific for nickel and there are no Interferences.
Limit of Identification - 0.08 tig
Optimum range - 0.1-1.5 M-g
The average concentration of nickel In urban atmospheres Is about
0.03 M-g/m3 .

K.

ZINC
1.

Place the test sector on the ring oven.

2.

Add 15 ill of ammonium acetate-acetic solution, (5*4 NH4AC

solution adjusted to pH 5*0 with acetic acid).
3.

Add 15 M>1 of 5$ (NH4)2S2O3 solution and wash to ring zone

with the buffer solution.
4.

Spray the sector with reagent (0.05*4 dithizone In CC14).

Compare against standards.
Discussion
Zinc reacts with dithizone to give a reddish-violet colored
complex in weakly acidic, weakly basic and strongly basic solution.
As seen above In the case of lead with no masking agents, many heavy
metals such as Pb, Sn(II), T1(I), Hg, Ag, Cu, Cd, Co, and Nl, etc.
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also react with dithizone to give various colored products.

It can

be made specific by both adjustment of pH and addition of masking
agents.

At a pH of about 5> in the presence of thlosulfate and

and cyanide only Zn(Il) and Sn(II) react with dithizone.

This is the

basis of this sensitive and selective test for Zn.
Limit of identification - 0.05 pg
Optimum range - 0.1-1.5 tig
The zinc concentration for most urban atmospheres averages about
0.7 pg/m3 .

L.

DETERMINATION OF METALS IN AIRBORNE PARTICULATES BY RING OVEN METHOD
The method described above was applied to the determination of

metals in air.

Mexican air samples (supplied by National Health and

Welfare Center of Canada) and samples from Lake Charles, Louisiana
(supplied by Kern-Tech Laboratories, Louisiana) were analysed for their
metal contents.

Sampling was done on membrane filters or glass fiber

filters using a high volume sampler.

An aliquot portion of each air

sample was cut with a clean cork borer and fixed in the center of the
filter paper placed on the ring oven.

The metal content was then de

termined by following the general procedure outlined above.

Three more

discs from different quadrants of the sample were punched out and the
metal contents were determined.

From the original weight of the sample

taken and the weight of the discs analysed, the metal contents of the
entire air samples (U.6 cm in diameter for Mexican samples and

b.5

Inches in diameter for Lake Charles samples) were determined.

The

Mexican samples analysed were found to contain only copper and lead
and the Lake Charles samples contained zinc and lead (see Table VIII).
The other metals, if present, were in amounts less than the detection

limits for those metals by the ring oven method.

M.

COMPARISON OF RING OVEN METHOD WITH ATOMIC ABSORPTION
SPECTROSCOPIC METHOD
The ring oven methods, in general, are often considered as

only seml>quantitative.

Therefore, the air samples were analysed

simultaneously by ring oven and atomic absorption spectroscopy for
their metal contents.

The results obtained (see Table VIII) clearly

reflect the accuracy and reliability of the proposed ring oven
method.
Each air sample was analysed for its metal contents (Cu, Zn, and
Pb) by the ring oven method as described above; the micrograms of
metal per cubic meter were calculated.

The remaining portion of each

sample was analysed for metals by the currently accepted atomic
absorption spectroscopic method.

A Perkin Elmer Atomic Absorption

Spectrophotometer Model 403 was used for the determinations.

The

sample was weighed and digested with nitric acid, cooled and filtered
to separate the insoluble residue.

The filtrate was evaporated to

dryness, dissolved in 0.5 ml of nitric acid and made up to 10.0 ml with
distilled water.

A series of standard solutions was made up for each

metal in the same manner as the samples were made.

The solutions

were aspirated into an alr-acetylene flame with a single slot burner
and a calibration curve was constructed.

The pressures and flow rates

of acetylene and air were maintained at the standard settings
recomnended by the Perkin Elmer manual.

From the absorbances measured

for the sample solutions, the concentrations of the metals were
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determined and by knowing the weight of the entire air sample and
the total volume of air pulled, the concentrations of metals were
converted into micrograms per cubic meter.
in Table VIII (A, B, C, D).

The results are tabulated

The results from the atomic absorption

spectroscopic method compare very well with those obtained from
the ring oven method, suggesting that ring oven methods can be
used economically for large air pollution surveys.
It is interesting, however, to note that in Table VIII the
concentrations of metals (Pb and Zn) obtained by the ring oven
method seem to be consistently lower than that obtained by the atomic
absorption method.

It could be because in the atomic absorption spec

troscopic method the values obtained are the average concentration
of the metal distributed over the whole filter;

whereas, in the ring

oven method we are measuring the localized concentration in the small
disc punched out and assume that the distribution is constant throughout
the filter when calculating the concentration of the metal.

In our

experience in this laboratory with ring oven studies we have found
that the metallic particulates are not distributed uniformly all over
the filter.

The lower values obtained by the ring oven method could

also have been due to the insolubility of the sulfide or some other
compounds of the metals concerned.
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TABLE VIII
DETERMINATION OF LEAD IN LAKE CHARLES AIR SAMPLES

p,g of Pb/m3 by RO

p,g of Pb/m3 by AAS

W-3

0.18

0.20

w-6

0.15

0.19

W-18

0.12

0.15

W-5

0.12

0.16

w-13

0.09

o.i4

W-l

0.18

0.24

Sample
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TABLE VIII
DETERMINATION OF ZINC IN LAKE CHARLES AIR SAMPLES

p.g of Zn/m3 by RO

|ig of Zn/m3 by AAS

W-3

0.18

0.22

W -6

0.18

0.20

W-18

0.15

0.17

W-5

0.21

0.25

W-13

0.18

0.21

W-l

0.24

0 .3 0

Sample
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TABLE VIII
DETERMINATION OF COPPER IN MEXICAN AIR SAMPLES

Sample

Total p,g of Cu by RO

Total p,g of Cu by AAS

0-272-68

6.82

7.90

0 -278-68

5 .8 0

4.00

0 -223-68

5.50

5*94

O-362-68

difficult for
comparison

O-283-68

*The values

> 2 5 .0

for Cu

46.0

37.44

are for the whole sample and not

pg/m3 .
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TABLE VIII
*
DETERMINATION OF LEAD IN MEXICAN AIR SAMPLES

Sample

Total |j,g of Pb by RO

Total p.g of Pb by AAS

1

20.70

22.83

2

13-93

14.10

3

10.95

11.45

4

7.92

8 .3 0

5

7.40

8 .2 0

6

12.90

14.45

*The values o£ Pb are for the whole sample and not

\ig/m3.

CHAPTER
PART

IV
A

ATOMIC ABSORPTION SPECTROSCOPY

A.

HISTORICAL BACKGROUND
Atomic absorption spectroscopy, In Its analytical context,

may be defined as a method for determining the concentration of an
element in a sample by measuring the absorption of radiation in atomic
vapor produced from the sample, at a wavelength that Is specific
and characteristic of the element under consideration.
The phenomenon of atomic absorption and emission of radiant
energy has been known for about one hundred years.

During all these

years only the emission spectra have been thoroughly studied and
utilized for the development of analytical methods, whereas the
absorption methods have been largely confined to the studies of the
composition of solar and stellar atmospheres.

Based on the princi

ple of atomic absorption, Woodson (lOh) in 1939 designed and patented
an instrument for the determination of mercury vapor in air.

This,

however, did not attract much attention and the potentialities of
analytical methods based on atomic absorption were completely ig
nored until 1933 when Walsh (105) demonstrated its applicability to
a wide variety of analytical problems.

Since then, atomic absorption

has been applied to determine trace quantities of a large number of
elements in a variety of materials such as medicines, biological sam
ples ( e.g. blood, urine, saliva, tissue and spinal fluids),
agricultural products,soils, plants, plant nutrients, foods, beverages,
petroleum, metallurgical samples, water, air, cements, glass,
paints, and other chemicals.
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B.

THEORY
One of the fundamental requirements for atomic absorption

of radiant energy Is the presence of atoms In vapor form and In the
ground state.

For the production of atomic vapor, for most elements

one has to resort to high temperatures or high energy conditions.
This might lead one to think that It will not be possible to have
atoms In their ground state at such high temperatures, but only In
excited states.

But calculations based on the measurement of

emission intensity and the excitation energy required to excite an
atom to a particular excited state, show that the ratio of the
number of atoms in the excited state to the number of atoms in the
ground state Is very small and becomes appreciable only at very high
temperatures (105)•

Mathematically, this is represented by the

relation

where
Nj » Na of atoms in the excited state j.
N

o

- No. of atoms In the ground state,

Pj " Statistical weight for the ground state.

PQ ” Statistical weight for the excited state.
E, ■ Excitation energy required to excite atom to the jth
J
excited state.
k « The Boltzmann constant.
T - The absolute temperature.
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For example, the ratio Nj/Nq for 2139 & line of zinc is 7.29 X 10 15
at 2000° K, 5.58 X IO"10 at 3000° K, and 1 A 8 X lo"7 at

k000° K.

It is seen that the fraction N./N is very small and N will be
J °
j
negligible compared with Nq .

Because the fraction of atoms in

higher excited states than j is even smaller,

will still be

negligible compared with N , and N will thus be equal to the total
o
o
number of atoms.

The number of excited atoms is found to vary

exponentially with temperature, while the number of atoms in the
\

ground state remains Almost constant.

If we now consider a parallel beam of radiation of intensity,
Iq , at frequency v, incident on an atomic vapor of thickness 1 cm,
then if I

is the intensity of the transmitted radiation, the

absorption coefficient K^, of the vapor at frequency v is defined
by the relation

I ■ I exp - (K 1).
v
o
v

The absorption coefficient is a function of frequency.

But no

absorption line is infinitely narrow and no radiation source emits
purely monochromatic radiation.

Therefore, the absorption coefficient

obtained in practice is the integrated absorption coefficient.

The

integrated absorption coefficient of atoms in a gaseous state is
given by the following relation

where e is the electron charge, m the electron mass, c the velocity
light, N^, the number of atoms per cm3 capable of absorbing radiation
of frequency v, and f the oscillator strength, i.e., the average
number of electrons per atom capable of being excited by the in
cident radiation.

Thus, the integrated absorption is proportional

to N, the concentration of free atoms in the absorbing medium.

The

significant feature of atomic absorption spectroscopy is that the
number of free atoms in the ground state in the absorbing medium is
independent of the temperature of the medium.
At temperatures between 2000 and 3000° K, the width of an
o
absorption line is about 0.02 A.

The factors that establish the

line width are (106)
a)

the natural width of the line

b)

Doppler broadening, due to movements of the atoms relative

to the observer
c)

Pressure broadening, due to the presence of neighboring

atoms (when broadening is due to the same kind of atoms as
those absorbing radiation, this is known as resonance broadening)
and
d)

Stark broadening, due to external electric fields or charged

particles.
To measure the profile of an absorption line of 0.02 £ thick
ness accurately and thereby obtain the integrated absorption, a
resolution of about 500,000 would be required, which is beyond the
capabilities of most spectrographs.

In addition, the energy emitted
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over such a small spectral slit-width will be too small to be
measured accurately by photoelectric methods comnonly used for the
measurements of light Intensity.

The method of measurement suggested

by Walsh (105) Is simple, effective and eliminates the need for a
high resolution Instrument.

By using a sharp-line source that

emits lines with a much smaller half-wldth than the absorption line,
the absorption coefficient at the center of the line can be measured.
In such a case the only requirement Is to Isolate the line selected
for analysis from other lines emitted by the source, and this can be
accomplished by common monochromators.

Although the use of a sharp

line source affords a satisfactory method of measuring peak absorp
tion, a separate source Is required for the study of each element
and this Is a disadvantage.
In most instances, thermal excitation of the atoms gives rise
to emission of radiation of the same frequency as the absorption line.
This difficulty can be overcome by chopping or modulating the source
radiation before It passes through the atomic vapor and amplifying
the output of the detector with an amplifier tuned to the chopping
or modulating frequency.

C.

EQUIPMENT
There are about ten models of atomic absorption spectrometers

commercially available.
beam Instruments.

This Includes a single as well as double

The essential requirements of an atomic absorption

spectrometer are schematically Indicated below.
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Source of
radiation
1.

Chopper

Means of
atomization

Monochromator

Detector
+read out

Sources of Radiation

Requirements for a sharp-line source were discussed on the
previous page.

Hollow cathode lamps for a large number of elements

are available on the market and constitute the most commonly used
sources.

However, in some special cases like those of sodium*

potassium and mercury, special vapor lamps may be more useful.
2.

Chopper

A beam of radiant energy, emitted from a hollow cathode,
incident on metal vapor in a flame, would be absorbed by appropriate
metal atoms present in the ground state, the fraction of radiant
energy absorbed being proportional to the concentration of the metal
atoms.

Simultaneously a fraction of metal atoms in the flame is

excited by the thermal energy of the flame and emit radiation of
the same frequency as the absorption line.
eliminate this emission signal.

A chopper is employed to

The beam of incident radiation is

chopped at definite time intervals.

The amplifier in the detector

assembly is tuned to the chopping frequency and, therefore, reads
only the change in the Intensity of light due to absorption and does
not detect the emitted radiation since it is not modulated to the
tuned frequency of the detector.
3.

Means of Atomization

By far, the most common means of reducing the sample to atomic
vapor is by utilizing a flame.

Hydrogen, acetylene, and methane are
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the commonly used fuels,

Both air and oxygen are used as

supporters of combustion, air mostly in premixed type burners and
oxygen in integral total consumption burners.

Currently a great

deal of work is being carried out to develop new and better means
of atomization.

Various fuel mixtures and other techniques for

obtaining high temperatures such as plasma torches are being tried
out.
4.

Monochromators

Because sharp-line sources (hollow cathodes) are used, an
ordinary monochromator is quite sufficient.

Either quartz prism or

preferably grating type monochromators may be used in these instru
ments.
5.

Detector and Readout

Basic components of this unit are a photomultiplier tube and an
amplifier tuned to the chopper frequency.
In this study, a Perkin Elmer Atomic Absorption Spectrophotometer,
Model 405 was used.

This is a double beam assembly and the layout

of basic components is shown below in Figure 3»
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Fig. 3

CHAPTER
PART

A RAPID METHOD FOR THE DETERMINATION OF INORGANIC AIRBORNE
PARTICULATES BY ATOMIC ABSORPTION SPECTROSCOPY

A.

INTRODUCTION
The atomic absorption spectroscopic technique has provided

an elegant means for the determination of large numbers of metals
at the parts per million and parts per billion levels.

Atomic

absorption spectroscopy has proved to be of significant value in
its application to the analysis of airborne particulates for their
metal content.

A rapid atomic absorption method, combined with

solvent extraction, has been developed for the determination of six
metals —

cadmium, cobalt, copper, lead, nickel, and zinc, in

airborne particulates.
Until the past few years the National Air Surveillance Network
has been routinely using emission spectrography for the determination
of metals in atmospheric particulates.

Major obstacles to the use of

emission spectrography are (a) the complicated methodology required
to obtain reliable data and (b) the detection limit which prohibits
analysis for low-level concentrations of some metals by this method.
In addition, a large capital outlay is needed to obtain the original
instrument and highly trained technical personnel must be employed
for its operation.

In the past few years atomic absorption spectro

graphy has gradually superceded emission spectrography for routine
analysis of metals in airborne particulates.

For many metals, the

sensitivity of an atomic absorption spectrophotometer is at least
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equal to and far better for some metals than that of an emission
spectrograph.

Comparatively, the operation of an atomic absorption

spectrophotometer is simpler than that of an emission spectrograph.
An atomic absorption spectrophotometer can be operated by personnel
who are not as highly trained as those necessary for emission
spectroscopy.

When samples are to be analysed for less than six

metals or when great accuracy and precision are necessary, atomic
absorption is the best method.

B.

SAMPLE PREPARATION
Sample preparation in atomic absorption spectroscopy depends on

the chemical and physical state of the samples, sample sizes,
matrices, available atomic absorption equipment and concentrations of
the metals sought.

The general method of sample prepratlon for

metals in airborne particulates is to collect the sample on a glass
or membrane filter, using a high volume sampler.

An appropriate

weight of the filter is digested with nitric and hydrochloric acid
mixtures and filtered.

The filtrate is evaporated to dryness and the

residue is dissolved in a known volume of nitric or hydrochloric acid and
made up to a known volume with distilled water (85,107).

If the concen

trations of the metals are high enough, these solutions can be used direc
tly for the determinations.

But often depending on the matrix and the

concentration of the metal sought, it may be necessary to separate the
metals from the matrix or other interfering elements or to concentrate
the metals sought.
Volatilization, liquid-liquid extraction, copreclpltatlon,
electrodeposition and ion exchange (108) may be used, but the solvent
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extraction technique is generally the most useful preconcentration
method for atomic absorption (109 »110).
sensitivity in two ways.

This separation improves

First, the analyte concentration can be

increased by extracting from the aqueous solution into a smaller
volume of organic solvent.

In addition, the organic solvent is

beneficial, because it usually enhances the absorbances of the metals.
The organic solvent lowers the surface tension and viscosity but
lowers the flame temperature less than water, all of which result
in higher density of population of neutral atoms (greater sensitivity).
Organic solvents that are very viscous or appreciably immiscible
with water do not improve the absorption signal.
give a very unsteady signal.

Aromatic solvents

Halogen-containing solvents do not in

crease the sensitivity as much as other solvents.

Oxygenated com

pounds such as esters and ketones, are more suitable solvents in
every respect (108-112).
Several complexing agents such as ammonium pyrolidine dithiocarbamate (112-116), sodium diethyldithiocarbamate (117-119)»
cupferron (120,121), dithizone (106,110, 122,125) 8 -quinolinol
(12b, 125), have been used to complex the metals, which are then ex
tracted into organic solvents like methylisobutyl ketone, chloroform,
carbon tetrachloride or ethylpropionate.

In all these methods the

metals are first dissolved in an aqueous solvent and the pH suitable
for extraction is adjusted.

The extraction is completed either by

adding a complexing agent to the aqueous solution and extraction
with an organic solvent or by dissolving a complexing agent in the

8U

extractant.

This procedure of preconcentration is time consuming

and cumbersome.

With a view to eliminate the dissolution step and

the adjustment of pH the following procedure was developed.

In

this procedure, the metals are directly extracted into the organic
phase from the particulate samples on glass or other kinds of
filters.

C.

EXPERIMENTAL
1.

Preparation of standard solutions of metals

Stock solutions containing 10 mg/ml of copper, cobalt, cadmium,
nickel, lead, and zinc were prepared as described in page 56.
Appropriate dilutions were made as necessary to obtain various other
concentrations.
2.

Double distilled water was used for all solutions.

Reagents

Ammonium acetate - 15$ w/v in distilled water
Bromine water - 5$ w/v in distilled water v/v
Diphenylthiocarbazone (dithizone) (Eastman Kodak)
8-Quinolinol
2,4-Pentanedione

(Acetylacetone)

E thylpropionate
All reagents used were analytical grade.
3.

Apparatus

Perkin Elmer Atomic Absorption Spectrophotometer Model U03 .
High-Volume Sampler —

Hurricane Air Sampler, Model I6OO3 ,

two speed (Gelman Instrument Company, Ann Arbor, Michigan)
Glass fiber filters, Type A, 102 mm. diameter (Gelman
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Instrument Company, Ann Arbor, Michigan)
Membrane filters, 50 mm diameter, Millipore.
Hollow Cathode lamps for cadmium, cobalt, copper, lead,
nickel, and zinc.

Perkin Elmer Intensitron Lamps, pipets,

several 50 ml beakers, test tubes, etc.
4.

Preparation of Extraction Solvent

Diphenylthiocarbazone 0.1

g; 8 -Quinolinol 0.75 g» and

acetylacetone 20 ml were dissolved in ethylpropionate and the volume
was made up to 100 ml with ethylpropionate.
5.

Procedure

A suitable volume of air is collected using a high volume
sampler and glass fiber or acid washed filter paper as the sampling
medium.

The collected samples are then divided and a known fraction

is taken for analysis.

If V

circles of filters are used for sam

pling, they may be quartered and opposite sectors are placed on the
bottom of a 50 ml beaker.

Two milliliters of 15$ ammonium acetate

are then added followed by 10 ml of an ethylpropionate solution of
mixed ligands (i.e., dithizone, 8-quinolinol, and acetylacetone).
The mixture is then equilibrated for 15 minutes employing occasional
shaking, whereby the trace metals are dissolved and extracted into
the ethylpropionate as mixed chelates.

The solution is transferred

into a test tube and the aqueous and the organic phases are allowed
to separate.

The ethylpropionate layer at the top, containing the

mixed metal chelates is aspirated directly into a single slot
burner with an air-acetylene flame.

The absorbance is measured by

using appropriate hollow cathode lamps of each metal at their

characteristic absorption lines.

A calibration curve is con

structed for each metal in the same manner as for the sample.
The concentration of the metals can then be calculated from the
calibration curve.

A standard calibration curve can be constructed

by spotting 1,3 ,5 ,10,30,50 and 100 p,g of metals on glass fiber
or acid-washed filters and extracting the metals as described
above and determining the absorbances.

D.

INSTRUMENTAL SETTINGS
The details of the measurements of absorbances are given in

the Perkin Elmer Manual for Model U03» Atomic Absorption Spectro
photometer.
study.

Automatic readout mode was used throughout the

A ten average setting was used for all measurements (i.e.

after every second an average of ten absorbance measurements would
be flashed on the screen).

The pressure of air was maintained at

30 p.s.i. and a flow rate of 22 liters/minute was used.

A flow

rate of 6 liters/minute at a pressure of 10 p.s.i. was used for
acetylene.

A single slot burner was used throughout the study.

Other necessary operational details are given in Table IX.

E.

RESULTS AND DISCUSSION
1.

Choice of Solvents

Solvents such as n-butyl ether, methyl isobutyl ketone, methyl
isopropyl ketone, ethyl propionate and Isoamyl acetate were examined
for their stability for the extraction of metal complexes, for the
stability of the extracted species, and for their combustion
characteristics for atomic absorption spectroscopy.

The extracta-

TABLE IX
*
OPTIMUM CONDITIONS FOR ATOMIC ABSORPTION MEASUREMENTS

Wavelength A

Spectral Slit
Width A

Lamp
Current mA

Cadmium

2288

7.0

10.0

Cobalt

2hoi

2.0

35-0

Copper

32hj

7.0

35.0

Lead

2835

7.0

9.0

Nickel

2320

2.0

35-0

Zinc

2138

20.0

18.0

Metal

*Flow rate of air 22 liters/minute at

JO psi pressure

Flow rate of acetylene 6 liters/minute at a 10 psi pressure
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ability, of metal complexes was poor in n-butyl ether.

Ketones such

as methyl isopropyl ketone and methyl isobutyl ketone showed good
extractability, but the metal complexes of dithizone are not stable
in such solvents.

Both of the esters, ethylpropionate and isoamyl-

acetate, were found to be useful because the metal-dithizone and metaloxine complexes are easily extracted into these solvents and remain
stable for many days.

Although the solubility of isoamylacetate in

water is much less than ethylpropionate, the latter provides higher
spectroscopic sensitivity for the various metals involved.

Therefore,

ethylpropionate was used as the solvent throughout the study.
2.

Effect of pH

The effect of pH on the extractability of metal-oxine, metaldithizone and metal-acetylacetone complexes from aqueous solutions has
been reported by Sachdev and West (111).

8 -Quinolinol complex of

Cu+ 2 , Ni+ 2 , and Co+2 can be extracted into ethylpropionate with 100$
efficiency.

But with the addition of dithizone and acetylacetone to the

above system, more than ten species of metal ions including lead,
cadmium, and zinc can also be extracted.

Frelser (126) has reported that

the presence of more than one kind of ligand enhances the extraction and
may provide a broader range of pH for optimum extraction efficiency.
The optimum range of pH for complete extraction of all metal com
plexes is between pH 5 to 7.

The percentage of extraction at

various pH ranges are shown in Figure
Reference 111).

k (the values are adapted from

The optimum pH range of pH 5 to 7 is obtained

by the addition of 2 ml of 1^4 ammonium acetate.

Thus, 1004( extraction

efficiency is obtained in the procedure described above.

o>

4 Extraction

t

# —

Cu

□ -

Zn

O -

Ni

t- ~

u>

2

3

4

5

6

7

pH -*
Fig. U (a).

Effect of pH on Extraction by Mixed Ligand System.

8

$ Extraction

t

IT

pH *♦
Fig. 4(b).

Effect of pH on Extraction with Mixed Ligand System.
vo
o

3 . Pretreatroent of the Sample for Sulfide Particulates
There is very little work reported in the literature about
the structure, composition and nature of the inorganic airborne
particulates although this information is vital.

This is because

of the complexity of the system with which we are dealing.

The

procedure above is applicable to the study of trace metals in
usual samples of airborne particulates where the metals would be
present as some simple salts.

To determine whether or not sulfides

of these metals would be extracted by the proposed procedure the
following study was done.

Known amounts of metal salts were

spotted on filter paper, and H2S gas was passed through the paper
to precipitate the metals as sulfides.

When extractions were done

by the above procedures (i.e. add 2 ml ammonium acetate and 10 ml
mixed ligand solution and extract) only about 40 to 50*)f of the metals
were extracted.

To overcome this in case of sulfide particulates,

a pretreatment was done by adding 2 ml of 5# Br2 water and gently
heating until evolution of Br2 ceases.

The sulfides are oxidized

to sulfates by this treatment which are readily extracted by the
mixed ligand stystem.
U.

The results are tabulated in Table X.

Interference Study

Interference effects of various ions were studied by the
following procedure.

Two micrograms of Cd and Zn, 10 Mg of Cu and

Co, and 50 Mg of Pb and Ni were spotted on a filter paper.

Two

milliliters of 15*^ ammonium acetate and 10 ml of mixed ligand
solution are added, and the metal ions are extracted and determined
by the procedure described above, to provide reference values and to

TABLE X
EXTRACTION OF SULFIDE PARTICULATE AFTER PRETREATMENT

p.g ppted as
sulfides

p.g found after
pretreatment and
extraction

$ Recovery

Lead

5.0

5.1

100.0

Lead

lo.o

9.9

99.0

Lead

20.0

20.2

100.0

Lead

50.0

50.8

100.0

Metal

4.98

99.6

10.0

9.8

98.0

Copper

20.0

20.1

100.0

Copper
Cadmium

50.0

99.6

5.0

49.8
5.20

100.0

Cadmium

10.0

9.88

98.8

Cadmium

20.0

Cadmium

50.0

Copper

5.0

Copper

19-9

99.5

Zinc

5.0

5.12

100.0

Zinc

10.0

10.18

100.0

Zinc

20.0

20.20

100.0

Zinc

50.0

Nickel

5.0

4.95

99.0

Nickel

10.0

10.16

100.0

Nickel

20.0

19.0

Nickel

50.0

49.6

Cobalt

5.0

4.90

98.0

Cobalt

10.0

10.10

100.0

Cobalt

20.0

20.16

100.0

Cobalt

50.0

49.90

99.0

99.80
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confirm the mutual extractability.

On another filter paper all the

six metal ions are spotted as above and 500 p.g of the interfering
ions are spotted (one at a time) and extracted as described above.
The absorbances are measured for the six metals in presence of the
potential interfering ions and the values are compared with the
reference values.

The ions listed in Table XI did not interfere.

TABLE XI
INTERFERENCE STUDY
Group I

Li+ , Na+ , K+ , Ag+ , Au +3

Group II

Mg+ 2 , Ca+ 2 , Sr+ 2 , Ba+2 , Hg+2

Group III

B02 > B40t-2, Al+3 , Tl+ , Ce*3

Group IV

C03 '2 , Sn+ 4 , Si03"2

Group V

NH4+ , N03 , HPO4 "2 , Sb+5 , Sb+3, HAs04‘2 ,
V03 ”, Bi+3

F.

Group VI

, Cr+ 3 , Cr20y “2 , Te03"£
Se03 2 ;

Group VII

F", Cl , Br , I , Mn+2

DETERMINATION OF METALS IN AIR SAMPLES
1.

Calibration Curve

A calibration curve was constructed by spotting 1,3,5»6»10,

30,60 and 100 p,g of each metal on a glass fiber filter and extracting
the metals as described above.

The organic layer was aspirated into

an air-acetylene flame, using a single slot burner and the absorbances
were measured under the conditions specified above.
curves are given in Figures 5>6 , and

1.

The calibration

9h

O -Ni
A-Co
□ -Pb

"* Absorbance

• “ Cu

"♦ Concentration pg/ ml
Fig. 5. Calibration Curves for Nickel, Cobalt, Lead, and
Copper, for Extraction by Mixed Ligand System.
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Absorbance

t

—

o

--------------- 2.0

*♦ Concentration y,g/ml

Fig. 6.

Calibration Curve for Zinc for Extraction by
Mixed Ligand System

Absorbance

LT

1.0

2.0

** Concentration p-g/ml

Fig. 7.

Calibration Curve for Cadmium for Extraction by
Mixed Ligand System

3.0

yr

71. Determination
The method described above was applied to the determination
of metals In air.

Mexican air samples (supplied by National

Health and Welfare Center of Canada) and air samples from
Lake Charles, Louisiana (supplied by Kern-Tech Laboratories,
Baton Rouge, Louisiana) were analysed for their metal contents.
The results obtained by the mixed ligand extraction and aspiration
of the metal chelates into the alr-acetylene flame were compared
with that obtained by the conventional atomic absorption procedure.
The conventional method consists of digesting the air sample with
nitric acid and filtering to separate the insoluble residue.

The

filtrate is evaporated to dryness and the dried mass dissolved in
0.5 ml of nitric acid and the volume is made up to 10 ml.

The

aqueous solution is aspirated into the flame to determine the
absorbances.
The Mexican air samples were circular membrane filters, of 5*0
cm diameter.
fiber filters.

The Lafayette air samples were V' diameter glass
The filters were cut into four quadrants and one

pair of opposite quadrants was used for the mixed ligand extraction
method and the other pair for the conventional nitric acid digestion
method.

The results of the determinations are given in Table XII.

Good agreement was obtained for the determinations by the two
methods.

Only Zn, Pb, and Cu were found in these samples and other

metals (Co, Cd, and Ni) were not detected.

Because air samples

containing Ni, Co, and Cd were not readily available, it was
decided to make some synthetic samples and simulate the actual air
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COMPARISON OF MIXED LIGAND EXTRACTION METHOD AND THE
NITRIC ACID DIGESTION METHOD FOR THE DETERMINATION OF
METALS IN AIRBORNE PARTICULATES

TABLE XII
*

DETERMINATION OF COPPER

Sample

fig found by
mixed ligand
extraction method

|j£ found by
HNO3 digestion
method

O-35I

18.0

20.0

0-372

20.0

15.0

0-376

19.0

17.0

0-350

3.0

U.O

0-380

15.0

15.0

0-382

11.0

11.0

w-18

not present

not present

W -19

not present

not present

W -20

not present

not present

*The Mg tabulated are the amounts of Cu found In the whole
sample and are not pg/m3 .

COMPARISON OF MIXED LIGAND EXTRACTION METHOD AND THE
NITRIC ACID DIGESTION METHOD FOR THE DETERMINATION OF
METALS IN AIRBORNE PARTICULATES

TABLE XII
*

DETERMINATION OF ZINC

Sample

fig found by
mixed ligand
extraction method

pg found by
HNO3 digestion

method

0-351

6.0

8.0

0-372

10.0

9.7

0-376

5.0

5.0

w-18

14.0

15.0

w-19

12.0

12.2

w-20

6.0

8.0

*The |xg found are the total zinc In the whole sample and not fig/

COMPARISON OF MIXED LIGAND EXTRACTION METHOD AND THE
NITRIC ACID DIGESTION METHOD FOR THE DETERMINATION OF
METALS IN AIRBORNE PARTICULATES

TABLE XII
DETERMINATION OF LEAD*

fig found by

fig found by
mixed ligand
extraction method

HNO3 digestion

0-350

40.0

4o.o

0-380

66.0

60.0

0-382

22.0

21.0

W-18

7.5

8.0

W -19

34.4

32.8

W-20

21.8

22.2

Sample

method

*The fig found are the total lead In the whole sample and not fig/
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conditions as follows.

Known quantities of each metal were

spotted on the four quadrants of 4" diameter glass fiber filters.
Air was pulled through these filters for four hours using the high
volume sampler at a rate of about 13 cubic feet/minute.
samples were left to sit for about
reactions or metathesis.

The

2k hours, for any possible

They were cut into four quadrants and

the opposite pairs of quadrants were analysed for the metals by
mixed ligand extraction and by the nitric acid digestion method.
percent recovery by extraction and results of determination
by mixed ligand extraction and nitric acid methods are given in
Table XIII and Figure 8.

The
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O —

Zn

□

Pb

—

in

yig found

by Mixed

Ligand Method

Cu

t
co

72

■* p.g found by Nitric Acid Method

Fig. 8.

Comparison of Mixed Ligand Extraction and Nitric Acid
Leaching Methods, for the Determination of Metals in
Airborne Particulates

TABLE XIII
COMPARISON OF MIXED LIGAND EXTRACTION METHOD AND NITRIC ACID DIGESTION METHOD FOR
SYNTHETIC AIR SAMPLES

Metal

Total tig
spotted

pg/ ml in
organic phase

4 absorption
in organic phase

pg/ml
found in
organic phase

pg/ ml in
nitric acid
method

4
recovery

Cd

1.0

0.1

0.050

0.10

0.10

100.0

Cd

5.0

0.5

0.125

0 .U6

0.51

92.0

Cd

10.0

1.0

0.520

1.11

0.98

100.0

Cd

50.0

5.0

0.850

Cd

100.0

10.0

Ni

1.0

0.1

0.00

Ni

5.0

0.5

0.16

0.50

100.0

Ni

10.0

1.0

0.052

0.99

0.5
1.0

Ni

50.0

5.0

0.158

5.0

^.99

100.0

Ni

100.0

10.0

0.225

Co

1.0

0.1

0.007

0.1

Co

5.0

0.5

0.050

0 .U5

0.45

86.0

Co

10.0

1.0

0.065

1.0

0.98

100.0

Co

50.0

5.0

0.500

5.1

Co

100.0

10.0

0 A 00

10.0

99.0
100.0
100.0

5.1
10.0

100.0

o
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